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■ CITIZEN EDUCATION ON NUCLEAR^ TECHNOLOGX , / 

' v^. \ v: '\.:\;, A >fessage From the Project Director ' • . ,' 

; • * Tlie' Citiz on Nuclear Technology (CENTJ) program was- 

iftmiaed by the^O. S". Office of Education, and was designed, to meet the 
^ "I ..acute- pub need for information and education ;^bout nuclear ^ e^ 
its 'benefits , and risks..*" It has been classified ks an. adult education . 
. program with' applica^^ well, to senior high^sghool students. ' 

/ M. S. Knowles*'- lias defined adult education as "...an adult learning . 

jj/i ,experi4nce should be, a E)rocess\,of se^f-directed inq\:dryy with the. resources 
J:V>o;f* die teacher, fellow students, arid materials available to the learner, 
but, riot imposed iipon him.\ . should be an active participant..." 

;/ -Thus/ the CENT program was designed to :-requa.re a; large measure of groiop 

' ,7 ■; . ■■• .... • ■ ■ . . . ;;; ; ■/ ^ " 

'V participation, in addition vto^ the usual instructional material. The ; 

i- /iilstnactionM material ^cbnsi^tV mostly of the teiihnical aspects of the . - 

^. subject presented.' in non-teclm^ The social, ^-environBnental, 

. ..and. EXDlitical aspects, Thowever, .are of. (such a cont^ nature that 

' 'the participants need ;to .inve.i^tlgate them in the cpntext^of their own,. 

' ■ . ;■■ ' "' •>■• ■■" ;.■ ■ ' ; [ i ' ' . . ^\ 

v:^ local /Situation. ' v ^ / - / 

■ ' . Thannas Cariyie, in his his^ 

i I'risk and. win l- wit^^ ^11 is already llDstw" Even to do" nothing / 

^ir^voives a .risk.. Thdi rule is/ to base one ' s ; , actions on the available intprma- 

tion ±o' the end . that I risk can . be minimized'. -. Fear develops when necessary 
/r * iniormation is \lack-xng or withheld. -Thus,^ knov^ledg dissipates fear.'; /But 



••knowiedge-^^lone' is'riot the significance of fche 

-ijifoimiatiori 'is also";n^pessaryr .anrf.v*^ ^ne . 

can* have confidence' in- one ' s adtioris . *^ Then the 'actions ortet takes are in ; 
- prspairaifion -for meeting the contingencies incident to the risks involved. ^- . 
■ Preparatipn^therefore, enh^ces security by ndiiimzj^ the ir^act of the ' , ^ . 
necessary \risks. .■■ ■. ':.■;{;./ r■^^^ ■ * , ■, • ^ 

' ^'• ..v'lhe nijclear energy issue is thus a quds^tion off balanding risks against 
^'feiefits. ylt ;cann6t> however, be discussed^, in a vacuiiii. 'Its,, bene fits' and 
risks iTtust . also I?e^ bal&iced against .'the • benefits and^" risks of alternative 
* ' sourSse^^ The /. scope ipf this .program do^ an/exhaustive sttdy of^ ... 

• .all'fpcssible" alterTiatives,'^b& references', will belsuppli^d for 'those who wish 
^ to ^ptd£^ev:the'subjectvf\^^ Two -sources^ coaX and solar th^t are most often 

^5 nKhdwles;;^!: S. , The Mcx3erfi; Pifactice of Adult ..Education , Association Press, 

. V- ' •■• % ' New York, k. ; Y/ ,(1970) j v . 7 ^ ^ / ^ ^ ' ■ 



.suggested will, however be discussed at some length. The prplDlem, therefore) 

IS to evaluate the alternatives in tenns of'^cost, pollution and, safety. . 

, • ■ , ' ' . ^ » ... , , , • ... . ■ _ ■ 

The cost factor consists not merely of ' the dollars and cents cost per - 
^ergy unit, . it also consists of i±e' fenergy 'Cx)st" ^te^^ If ten 

kilcwatt-hours are us^ to produce < one kilowatt-hbur of us'eful energy, one • • ' • 
had. better think twi^S (or longer). ' before enployirig such 'an 'alternative. '\ . • ■ 

.The- pollution jbroblem is. not one of eliinjoiatiOn,. but of moo^ ^ 
Only life produces waste; rocks .prod Jce no waste, the^^ just'iie there," 'Nature, . 
^is eminently Gorpetent tg deal with wast ^, so long as there is nc4 too much : 
^of' It in one place at one time, 'Waste only becomes pollution when Nature's. , 
prxfcesses becanfie overloaded, To eliminate all wa^te,, it would be_ necessary' tD 
eliminate ail life, ' - " * 

Safety,- like pollution, is not a i^estion of elimirrating all accidents, 
but ot jxnx^&,zv^o^ either the number , 'the', severity, or \the consequences of them, 

.The, question, therefore, is, ""G^^7en' the demand, what alternative will 

best meet that demand at the iowes-t cost> the l^asft pollution, and, in the 
: . •■ - ^ • . ■ ; . . • ^ ■• ■ 

safest manner?" The* key word in that ;questionvis^ "demand,". Again, it is " . 

not sinnply a question, of how much; it is ^ a question of "-how much, where and 

when," -The^geographicar distribution of both the demaM and tiie source, and 

the daily and seasonal^ variations' 'in demand/ dietermine wbichl alternatives can / 

/best meet the country^'s needs., (See ^ergy Does. Work,' -Ref, 9, J'ech, UnitV' 

This program,' therefore, will] explore all. suCh facets of :^ the energy 

issue, ai;id in particular, nuclear /^ergy as^ a possible solution to*. "the 

question, ". 

The cvirriculum is "divided^ int^ five ^uni^ts:. K 'Ye,dci\o\o^ Unit, a 
Sociologica^i Unit,' an^Environment^l/Ecolog^ical 'Unit/ an. Bcoricmic .Unit, and. a : , 
Political Unit, ^. • . \ . . ' ■ • ■ ■ ' / ' ' ' 

^ The Technology Unit will discuss those . technical :^features' of nuclear 
energy that relate- to cost, pollution/ ^'and safety, "' Specific subjects will 
include ^the 'fission prCxnesS;^ iradiation hazards ; -and reactor safety, Althou^gh 
it is beyond the" scope of /this program to engage.^, in such, an exhaustive study' 
of other energy alternatives, Sufficient data.^ references wiii be provided 
to enable an individual or 4. group of .individuals ■'t6* .make iuch a study fdr 
themselves; in fact, th^y are ^couraged to do so*; \, ^ ' ^ ' " \ 



Itie-jlext thr^ >uni^^^ the' ETOlogical/Envirorfnental, and 

the Econ<S^c units "are co^i^ived • ^ . workfng units.* P^icipants in this 
;program"a!]:e asked to evaliii^te such items peculiar, to their particular situa-- '^ 
tion, "as/conitTunity attitudes; actions fieqessary in the' event of an^ incident^ - 
and ccannmunLty education relating' to' nuclear pc^^er andj other alternative^. ' . 
Civil Defense'"agencies should be consulted ' iff this connection^ sin^ eneiny . 
action and nuclear incidents fov:e > so 'much in corrinpi\.iihat preda^^^ . ^ 

'n^asures will .l^e " identical ^ i^^^^ instances. Ecpibgical and econcMc cpn-^ ^ 
siderations Rave nfeanihg only in relation to^ similar' considerations 'as they . 
ap^y to other, alterrlatives. J^iis- p^rogram expires tiiis: aspect of the problem. 

The fifthv the PolitidaL Unit) ^s partially, an irtformational unit and . 
■partially 'an action unit. "Ine informatioh part/ deals with /the Ffederal. regulations, 
hearings, and, disputes.. The action par^t qonsists ^cSf inguirites toy participants 
directed to city ' find state agencies - relating^ to similar cons^erations. ^ 4 

.A Decision-Making Strategy Module is piSvided for use ^ by participants ^ • 
■ in continuing comfiTiunity action. * . ^ : ♦ ^ . ^ '* 

' /• It 'is^'S^ropriateLat' this po.fi^ * 
historical perspective. ^ ' - ;■■ - J 

. : Other people have also .been , concemed. with trfie energy situation and:- 
hayg made st^es that, are reported .in the publication New. Energy Technology ' 
(i9.71)-.. (Textbooks, 2,^Tec]i-, Unit) These authors consider the energy history of 
the 'United States from .1850 to the date of writing - i9tl. Sane of their ^ 
' conclusions are very interesting and are wor1±L repeats 

■ A Histo^ally, the energy supply has consisted of wood., 'coal, crude oil, 
■natural gas, water power, and ^luclear energy. The most significant . conclusion . . ' 
IS that "jSa^ patterns of energy growth pr ^replacement" 'are similar, in many ■ 
respects to those of today. . *'The irost" striking , feature of the-plot'V (a ,graphx 
riQt. reproduced here) "is the/'relentless and almost constant upward -mardf of 
energy; consunption, which causes the industrialist or engineer of 1971' to echo • ^ 
th^ words pf hi^ great grandfather, " 'Never in- history^ has .energy consurT^tion;. ' 
'matched ours. .^Thole times in" this hundred and twenty ^ar history, new, 'r^ 
fuels have been" introduced' and integrated into- the econony , and the pattern 
of grbwth of e^cW has bee^n similar. Ih 1851, coal contributed ia% of the total- 
energy supply; sixteen years later, it contributed" 20%. In 1918, oil con- 
tributed 'lO%,^and nine years later, it contributed 20%. For gas, the ^10% 
-trark occurred m 193^, and the 20% >nark occurred seventeen years later. ' In' . 
1971, nuclear pow^ was just beginn.ing to come into' the picture ..and the growth rate 



in 1971 was soo^hat^ conparable toe/that of petroleum in 1900. 

The per-capita consunptidn^bf erielgy as reported by the authors is 
^Iso of -^Considerable ^ interest. - ""From £851 tb 1885, the per capita rate Was 
nearly constant and liien from 1885 to 1920, it doubled. During/ the . last , 
fifty years, hcWever, it has increased by less tH^ 70%. If one^assumes 
"an^average human caloric intake of 2500 kcal/day, one finds that^th^ 197a 



•per capita consultation w^s '80 tinBs the human ca.J^ic intake.' That i^ > 0 

equivalent to mving "80 ^slaves ^working for- each one of us to maintain our 

modem affluent^ way ot life." ^. : . . * . 

* . The matefeialTor this program has .been" drawn trom a broad spectrum 
• - I . ' ■ • ■ . ' , 

6f sources. Tney-are: . 

^ - - " . • • ^ 

,1. CSfepyrighted bDok's" of an advocacy nature. ^ . ^ ' 

;2. . Textbcx:)ks and monographs on special subjects. , " *^ 

3 . Reports of research oh special subj^ects by' public and 
private agencies. * ■ . ' ^ 

4. Governmental reports of resecu/ch and. recxSrds. of Con-' 
' gressional htearihgs. / 

5;/' Journal articles ^d reports • f rem such orqani2atic5ns as the 
...American Geofxhysical Union, Atcmic Industrial Forum, ' ' 

* . Environmental Protection Agency, National Science Founda- 

« tion, and the National Scu^ence Teacd4ers Asscx:iation. ^ 

As indicated in one^of the fo/egoing paragraphs,- CENT was-cxm- 
-ceived as a working program. Many of the decisions that need to be made" 
\by^ ' the citizens of 4 cx)mmunity relative to nuclear* energy are pecruliar to 
that cxxrrnunity. Thus, the participants in these workshops are expecrted. to 
di^cx)ver what those peculiarities are, guided along the .way by the '.principles 
and prpc^ures- presented in the w(^kshop. ■ ' . 

The Project Director, his staff, and the individuals serving in the 
varioiJis^ advisory capacities, sincerely hope you, the participant, find this 
program to' be informative and helpful, and a valuable guide in assisting you 
to reach intelligent decisions relative to nuclear energy in your cosomunity. 



^gust, 1980 



Robert G. Nis"ie 
Project Director 

Citizen Education on Nuclear Technology 
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"What *are fears but voices 'aixy:?'- ' 

Whispering, ham where haxij^is. not-". 
. And deluding the unwary • 
. « Till the fatal b61t is' sAot. " , 
William Wordswirth . . 
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" ^ Fear of the unknown has bothere<J inank'ind since the dawn of creation. 
/The questions concerning nuclear energy,: are no different. . To many of us-, 
nuclear technology is an unknown, and thus, many of us. harbor ^ars and 
^reservations about its- use. ^ Often times, these fears- are played upon by 

the anti-nuclear lobby m an effort to advance -.their cause. The purpose 

■■ * ' ■ ^ . • ■ ■ 

of this coiorse is to remove nuclear tedinology - f rem - the category of the 

V " ' ■ , >> - * . ' . , ■ . 

unknown and, hopefiilly.in .the process, alleviate our fears through the. 
mediim of knowledge - knowledge and understanding acquired by a study of , 
the. facts ex^J&ied in tftS" total context of modem society. 

. The technological ' intricacies will be studied and in addition, the 
sociological, envirofimental/ecological, econcmic, and political benefits . • 
and hazards will be considered. 'Neither nuclear energy nor any other matter 
can be intelligently examined in a vacuum. For that reason ^ this study 
will look at the. total energy picture, ^ including fossil fuels, '\solar energy, 
and to a lesser extent, other energy alternatives, as well as nuclear ' 
energy. It. is intended to plrovide an "understanding of how nuclear power . 
plants work; what sore of the environmental effects are of nuclear and 
fossil fuels;, some -of the sociological and economic considerations; an 
explanation of the' procedur.es a utility ciatpany;must go through before . " ' 
they will be allowed to. build ^d operate^ a nuclear plant;- and,, finally, 
the opportunities ■ you have to influence the decision makers. . - . ' ^ ' . 

There are volumes of material available in all these areas. We 
hope you will want tO'>sarrple at least seme of them. This -course is not • ' ' 
intended to answer all your questions, but rather to give you' an idea of. - 
what questions you should be considering and who should be answering them. 

■ A glossary IS included with' your text. It should be studied to .the 
same degree as the other parts of the text. ' It has beein placed first,, 
rather than at the end, since the terminology must he" learned before the 
mateirial in the text can be .understood. 



It- IS essential that all .available informatibfi on all. alternative 
sources be considered, if an intelligent decision is to be made. .-It is*, 
the .intent^ of this ppogr am there fore, .to 'present the' case far nuclear".a 
•energy in the totdi' context. - To do so, signific<ant aspects of nuclear^ 
pCM^ generation, and of v coal, oil, and natural' gas production and use 
•"are examined-' *" The best .solution in any particular case will take accoiiit 
oT .all these aspects, and each' conrnunity must decide foj^tself what .• •• 
its solutiori'wilY be. ' , ■. * ■ ? ■* 

■ ^ .."No option for providing additional ■en'€:Lgy supplies -fox the: 
next twenty years qind beyond is without iirawbaeks. O^r and -gas, nuclear 
power,' coal, and even various ^ solar. possibilities all entail adverse .. 
social,, econonic^- and -^environmental effects -pf differing types and 
magnitudes,- on. different time: scales, and af^ec£ing different regions 
in- different ways. EVen the, 'best' choice "^f or the natioh wiil have ^ 
drawbacks for some 53eGple , ' in sonie" places. " lE^^rgy: The Next .Twenty 
Years, Hans^H. Landsberg.^ ,Ref .. -S, Tech, Unit) / ■ ■■ ' \ 
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I , - .NUCLEAR TECHNOLOGY UNIT 



■• "All n^ure, then, als .self -sustained, consists . 
Of twain- thxngs: of bodies and of void," ^ ■ 

• .. ■ ■ . . .■ ■ ■■ • ■ • . ■ ■ 

■ ,' > - . . . "\: "Bodies, again, 

' -v;- .Arejp<^tiy priitial gernis or thi^ and .partly - 
Uriions deriving from the primal germs.. ' 
* . • V^And t±ose . which are the priiral germs of things \^ 

■ ' . ; ■ ■ No, power .can quench^, ■ .\ . . • - "^v 

Titus Lucretius Carus , De Rerum Natura"'" 
. , .• ■ . , . • ■ .(95-55'.B. C.) ^ ... 

, • • • iNrK)D'ucTii::iasi • - , ; ■ • 

SCv^enGie and mathematics axe,, ih the minds, of a majority of people/; 
^ -relegated to the realm of irrystery /- and therefore not .carprehensible. Perhaps 
the yoimgeq: generation has a better - understanding becaus,e of science or 
science-f iction- broadcasts on television. ; Still, much misinfownation has 
been widely circulated. -Thus, a lack of understanding nourished fears, 
usually groundless, and. has brought about emotional reactions based on what 
"might be" instead of * what isl ' 

A Greek philosopher named Democritus thought a point would be reached ; 
■ at which further divisions of marter would- be iirpossible . He called this • . 
particle' that could not.be divided an "ataiai." . From atona, we got our word 
"atom," something that cannot be^iit. ., 
. ^ People did not adcept the Idea f cjj. many centuries, but. about 300 years 
ago, scientists again iSegan to think about atoms. Galileo Galilei (1564-1642) 
of : Italy, and Isaac Newton (1642-:1724) of England,, wrote about their conclu- 
sions that all matter was made up of indivisible particles or atoms. There 
were many others, .also. However, people didfnot accept these ideas during 
the lifetimes of -early scientific pioneers. . • ■ 

The first man credited with expressing definite ideas about .atoms was 
an. English school teacher and cnefaLst, .John Dal ton. He-^not only had ideas, 
but he did experiments to prove his, conclusions had merit. ^ 

■ Ancients distinguished lour "elements," namely fire , water, earth, ^d 
air. All substances presurraDiy w^e made up of seme mixture of these. This 
theory was accepted by Aristotle/ It was taught for nearly ^^iftflfl years to the • 

William Ellery Leonard's metrical translation. . * 
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' -tJJtie of Galileo. That view was' rather vague and .interpretation j^aried ' aipong 
adherents. ' — ^fe^-;^/''^ . . "'t 

Robert Boyle gave t±ie word' "^lei^t"\anJmtkrpretatlon close to the 
; meaning it has today. He s^d, "substances which cannot .be ^separated into . . — ' 
other substances ^^e considered, elements." For example / heating sugar will 
yield" a black substance (carbon)' and water." Water may .be Ipxoken down into 
^hydrogen ^d oxygen gases bypassing an electric cufrrent' tJirou<jh it. OrdinaCry 
^"^^"^^"table -sail: will be. separated by anielectric current into sodium and chlorine, -"^ 
neither of which can, be " further divided' py chemical- means Thus, it appears 
hydrogen, carbon, oxygen^ sodium, and 'chlorine are elements. . 
: \ - /. The metal^ generally are elements, such as Iron, copper, silver, lead, • 
'and gold. A total of 90 elements have been , discovered in -rlature; about 15 'more 
^ have iDeen" made by man. • " . - ' ' • ' , ' ' " 

v - . ■ - • . . 

. . ■' • ' ■ " - • - ■• . ■ - - ' ■ .. 

THE LANGUAGE OF TECHNOLOGY ..: . " ^ 

• " "Show us the straight patJi." . . 

The Koran , • " . ^ ' 

j Anytime you start, to 'Blearn about someth-ing new, you have to learn the 
• language. That is true if you are learning to. cook, or drive a car, or learning 
about nuclear technology! . ^ 
For the most part,i^e unfamiliar terms are defined in the glossary, 
/ and you can read about than m the context of the material that follows. The . • 
first tunne a term is used, /a star. (*) is placed after that word, and a defini- 
tion can be found in the glossairy. 

Glossary ^of Terms 

V atoa% - A particle of matter whose nucleus is - indivisible by chemical me^ans. 

barrel - A unit of volume. - 1 oil barrel = 42 U. S. gallons = 158.983 liters 

. * 1 U.S. liquid barrel = 31.5 U.S. gallons = 1 wine barrel 

breeder reactor - A nuclear reactor so designed that it produces more fuel than 
• .... it uses. i4 

British Thermal Unit . (BTU) . - An engineering unit of heat and energy; the. quantity 

of heat necessary to raise t±ie temperature of one pound of . ; . 
water one degree fahrenheit. ^ * ' 

chain reaction - A fission chain reaction is a nuclear reaction in which a 

fissionable nucleus absorbs a neutron and splits m two, re- 
' . leasing additional neutrons. These in turn can be absorbed by 
other^ fissionable nuclei^ releasing still mojje neutrons and 
maintaining the reaction. . 

coal gasification - The conversion of coal to a gas suitable for use as a fuel. 

coal liquif ication - The conversion of oDal into liquid hydrocarbons and related 
. conpounds, usually. by the addition of hydrogen. . 

#». 



conduction yof heat ) — The transmission of ehergv directly fron molecule to 

molecule. ••. ■ . " • 

convection (of heat j - The transfer of energy of rtoving masses of matter, 

' such as the circulation of heated liquid or gas. 

coolant - A substance' circulated through a nuclear reactor to remove or. ./ 
• trahsf^er heat.. Ccmmon coolants are light water ^ heavy • . ' 

. water, air, helium, carbon dioxide, liquid sbdiUm, and " 

' . sodium-potassium alloy. ' . ■ ^ . ^ ' 

cooling towers - Devices for the; cooling o^ water, used, in' pcwer plants. There 
. are. tv^. types: wet towers, m which the warm water, is allowed 
^ .. ^ . ' to run over a wooden lattice in a-^-^ver arfd is "cooled by*" ' ..^ 

■ evaporation; ^and dry towers, m^wh^h.the water, runs. ..though ' * 
' ^ a system bf -tubes cooled by fans and is not in contact witlt 
the air. . • \ ' , ^ 

core - The central portipa of a nuclear reactor, containing the fuel elements . ' ^ 
- - ' and usually the ■ moderator . * ' . ' 

cosmic rays - High energy particles of atomic^ dimensions fron butaf space. 

critical mass - The smallest mass of fissionable material that willi^jsupport ^ 

a. self-sustaining chain react.ion under stated conditions.' 

daughter - A. nuclide formed by' the radioactive "decay of . another nuclide, whichj^ ^, 

in this context,- is called the parent. ' ■ , 

efficiency -.The efficiency' of an energy conversion is the ratio of - the useful 

work or energy output to the total work or energy; input. , 

electron - An elementary particle with' a negative charge that" orbits the 

. • nucleus of an atom. , It is only a tiny fraction of the mass of 
an atom.* . Cnerriicai reactions consist of. .the .transfer and re- 
arrangement of electrons between atcms. 

electron?-volt - A unit of energv- used to. describe negitrons. X-rays, garmia rays, 

and^ alpha and oeta particles. Because of their diverse nature, 
an energy unit provides a means for applying a common ■ character i- 
"zation. Electron-volt is abbreviated eV,* and MeV is a million 
' electron-volts. ' „ 

energy - Energy is the ability to do work. It can be converted fron one. form to 

another, but can never be created, or destroyed. Coimion units 
are calories, loules, BTUs, and Iciiowatt-hours. 

enrichment - A process whereby the percentac;^- of a given isotope present in a 

.material is artificially increased, so that it is; higher than 
. the percentage of that isotope naturally found in^the material. 

fission - The splitting of heavy nuclei into two parts .(which are lighter nuclei) , . 

with the release of large amounts of energy and one or^/mDre 
. . neutrons." • • " . 

fossil fuels - Fuels such as coal, crude oil, or natural gas, formed from the 

fossil remains of organic materials. 

^ . ■ ■ 

fusion - The formation of a heavier ni^leus by conbining two lighter ones.. . As" a 

source of energ^ , h^^drogen (or heliurtv-S) nuclei* combine to form 

hr-lirrr.--^., resulting iri a. release of energy. _ 

. ^ ' . . ' . , 

greenhouse .effect - The warming effect of carbon dioxide (CO2) and water vapor ^ 
.in the atmosphere. These molecules do not absorb sunlight but 
do abisorb and retain the infrared (heat) radiation from the Earth. 



half-life - The zixve in which half the atoms of a particular radioactive 

substance disintegrate to another nuclear form. Measured 
half-lives vary, from miilionths of a. second 'to billions ^of years. - 

heavy nuclei - In gen'eral, the nuclei of atoms of elanents heasn^er than radium. 

hydrocarbons - . Cotpounds composed oV. carbom and hydrogen atons iJi^'^^^if^^^s . 

proportions. • . \ * 

in situ - In the natural or origirial- position! ori-location. In situ conversion 

. , of bj2r shale, for instance, is ^an experimental*>technique in which- 
^ a region of shal^ is drilled; fractured, and -set on fire. The 

volatile gases imm off, the oil vaporizes, phen condenses^ anc^ 
- collects at the botionri of the region, from which it can be re- 

covered by a weiiV ^ There has also been^ some experiirentation * 
■ ^ with m Situ, con ver^.ion of coai and oil. 

ionization - Removal of some or aii electrons from an atom or rraleeiile, leaving 
* the atom or molecule with a positive charge, or the addition of 

. ' one or more electron^ resulting in a negative charge. 

ions - Atcans or itolecules with electric charges caused l^y the addition or re- 
■ • moval of electrons, / • - ^ " / 

^ isotope -- Any' of two or more species of atons having the-.saire number of, protofe 

the- nucleus tthe same atomic ^number) but with differing , 
^ ■ numbers of neutrons. All isotopes of an- element have identical''. 

'\ chemical properties, but different nuclear masses.* Since nuclear 

• stabiiity is govern^ by the relative number^ of protons and 
neutrons present, one oi rrorg isotopes of the same element may 
be unstable uadioact^ve; . in the usual notation, isotopes 
of the same element ctre identified by the totaB^nurqber of neutrons 
and protons m the Nucleus; for exartple^ uraniumf23^5-^d 
uranium-238. J. , . 




kilowatt (kW ) - A unit of. power, usually used for electric power, equal tg 1,000 
^ watts. 

kiloWatt-hour. (kW-hr ) - A unit of work or energy. Equivalent to the expenditure 

of one kiloWatt for one hour. 



mass - The quantity of material is kndiwn as mass and is the same everywhere, 

whether on Earth or on the moon. 

million electron volts - See electron-volt^ ' : 

moderating atons (moderators ) - Moderators are elements that have a very 'small " 

absorption^ probability, but interact with neutrons by ^absorbing 
seme of their energy, but not the neutron. Thev neutron is thus 
. "sloped down" and the lost energy appe^s as heat^- Exairples of 
moderators are deuterium (heavy Hydrogen), carbon, beryllium."^ 

molecule' - Atons conbined to form the smallest natural unit of a substance. For 

example, the water rrolecule is conposed oi two atoms of . 
hydrogen and one atom of oxygen. . - . v . 

neutron - An elementary particle whj.cn isV present in all atoamc nuclei except for 

the most common isotope of hydrogen, its mass is approximately 
that of a proton, but it has no electric charge. Neutrons are 
released m fission and fusion, reactions. 
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Nucleus' l!lle eytrenely dense , positively-charged core' of an atcm. It contains 

' > a <^■' :.. almost the entire mass of an atom>^but fills only a tiny 

. ^ ■ fraction o£ the atomic- voiume. , - • ' 'V . 

■ '. ■ ■' ■■• ■ . V '''' ■ ' '' ' " ■ ' '■ . • ■ A . • ' 

> ijiublide T^ie huclatis in general of -any aton .of, an. element. " / j; • '--^ 

nuclear' j'eacfeqr -f!^,. device ih <^hich a' fission chain reaction can be initiated i ' ' 
~ T' ■ ' ^ ''iJ^intained, -^d controlled. ' ; * / 

o\X' shale - A sedirrien.taiy rock containing a solid organic^ mterial called kerogeii, 
^ • ' l^ieri oil shale is he^lj:ed to high teiiic>eratures,. tlje'oil is 

■' ■ ' driven out and can be recovered. ' i, ' . ■ • . . : v • 
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pajTfeiciiLates - The small soot .,(^d ash particles ^produced by Coribustion . 

pnotQVoltaic process The process by ..which radiant ener,gy is converted ^ 
. / ^ directly into electrical energy. jSolar radi^tic^ striking 

'tertain materials is absorbed, causing separation of electrons 
f rbm atans.. The migration of these electrons ijriL one .direction 
• • • t-./: /: * a^id of, the positively charged electron y^c^cies '("holes") in' ; ' 

. . • . * the other can produce a ,sm^l potential cHffe^bnce (or volta.ge) , 
, -f*-/- * "^^ip^lly about 0.5. volts, ' ' '''^ ^ ■ • . - . = 

, paver — The, rate' -at: which .work is done or" -energy expended. It is TtuSasixred^ iri . 

.\. : . y.. -'' * ' tfiiits of energy per-unit of ^'time'.sucii as calories per second/ - 
. / ^ \ ■ . /• 0 ? ;'ahd in units such as Watts.. and horsepower. ? \ J'''' 

j)rotori - -An^'glemenjtiary particle present ih*' all ^atomic nuclei. It has-^a. r ^ ^ 
' ^ . ^ . ' . positive electric charge. ^Its mass is. approxiinately ,l,840j . 
. ."^ " \ ,/■ " , times that; of an electron. " Th^ nucleus 6f; .ai hydrogen' atcrn. 

" radioaotiVe' decay - The spcsiitaheou transformation o£ an .atoroic nucleils during. 

. " w ■ v^ch'^it changes from one nuclear species to ^another with the ^ 

^ - ■ . . enpLission of particles/ and/or energy 

■ . V • ■ ' • disintegfat,ic5n."". ■ -^-^ ■ " V ■ ' ' - 

solar cell - Converts the electrcaragnetic radiation emitted by "the sun to . 
: * .' . v. :. - eiectiitity^ ' The' Eajrt±L , receives about" ^ 4^^ 

^ " ; hour's per day. ^ ■ ■ . . ^ . ' • ^ \ ■ 

Watt (W ) - A unit of power usually used in. electric measurements: gives . 

the rate at which work is done^or energy expended. / ► . 

weight^ - weight of a material object is a meaiure^of the force of gravity 
. - on the mass of that object. Mass is the .same everyvAieire;. 

; ■ . weight is. not the same ev^tywhere. 

viork - Work is done when energy is used to overcome, resistance in the form of . 

' " either mechanical, electJ^ical^^-^orvchemical opposition. Energy 
. ; is ^converted to some other: form or stored in the j^rocess, but 

. / not destroyed. 



Table I-l is a list of various energy sources with the units contonly used to 
measure them. ' " ■ 



Selected Definitions from FACTSMET 18: A . GLOSSARY OF TERMS ,, by the National- 
Science Teachers Association. . . . • 
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' • - Energy SoucGes- and - UiyLtsi : ■ 

^ ■• ■• ^ -y^''^'^: :-\^::.> • . 

: T ^Fuel • * ' ■■ ' ; Ccnifnon -^ieasure ■ ■ Enfercry: : Contient ; ' 

A ' ■ • ' V -■■ ■ ' ^- ■ ' . ' ' ■ ^■-■■■■^ Vari^le'^ ,T)/oical 

' :, ■•'t; " ' * ' ' ' ' : ^ ■ ^ . , i / : Vai^aes^ ShcW - ."' 

* "Oil . '• ■' Barrel (42 U.S. Gallons)"^ ; 5,800,000 BTU oer 

■ ■ ■■ : • - . ■ ' ■ ' ■ ' ' : ; . 'Vol. 

■Natural G^^ / v Cubib feet at standard . ' . 

• ^ . 4 temDerature & pressure ! 1,032 BTU per ; 

■ ' ■ ■ . - ' * " ' ' ^ A' ' \ ^ cu. ft. . 

- . -. • •/ • ■ : . ■• - / 

Coal ■ \ Short' ton (2,000 lbs. ppr ^^ 24 to 28 

• . ' ' • . ton) y BTU^TDer ton 

V \ ' (12,000 to 14,000 

^ . ■ ■ BTU per pound) 



Nuclear Fuel . ; . . ' PoupdS ^ 331,^00,000- BTU' 

. .. ' I '/ ■ " " . per pound fuel 

^ - ' ' /enriched. to 15% 

■ f . ■ - ■ •'■ . ' ■ fof U-235 . ■■ 
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■'L/mTERIALS ' < ■ ' ' ■ ': ". ' 



. > feterials, are 'Sie stuff' of,/.Iifei'. ''^ey_ may be 'solj=d, liquik, 'gaseous,^ 
.'^hard or "soft, light br'h^vy!.; They are irtad^^^^^^ of atcins*, molecule's*, neutrons; 




-protons*,, ai5d electrons^ . , ' ' . • 

/ / An element is material cdinposec3a of identical a-^oms. . , . . 

A molecule i$ conposed.of two or more atoris of the same or <iif ferent • 
, elements bcpmbiried. i^^ ■ - . ■ * ■ / ' - : 

^ (karpound -is a material ccinposed of Identical moleciiLes?pgr : • • 

Atoms consist of a^ nucleus* . and one or more electrons . The n^cleu? is 
'made up pf^-^ protons and neutrons\^ No one i^dws what an|^i^ W<B.\ This 

drawing is.ja diagi:amatie ^representation of the structure of a helftum atom (He)* 

^ :■ ■ ■ ^ rV"!* ' V The electrons haVfe a negative charge, 

'V '. -^efie protpns a positive ch^^e, and thp 

^ - ^.T^ , . ■ - ' neutrons no charge. ^ . . ; ^ : ^ . 

^ All atOTis have this same' basic structure, cbLffering . only in^^ ny±)ers of ' ' ^ ' ' 

protons, ^neutrons, and electrons^ The number of ^lectron^^'in a'neutiral atcm is. 
the same as the'^ number, of protons in its nucleus; this number is ,called the atdrtic 
number and identifies the element. A single proton is thfe nucleus of hydrogen. 
Twb protons and two neutrons is a nucleias of helium,^ three Of each' is a nucleus 
^of lithiupa, eight of eaph is a nucleus of oxygdn, and 79 protons and %18 neutrons 
is at" nucleus .of gold. |^ ' '■ ^ . . P . ^ ^ ■ ^ ^ - : . - , ' 

^ithin-ah element, hoWever, (for exanple , jranium) variations ; inky exist. ^' ' 
- These variations are called isotopes *..^Nat\iral mranim has. 3. .isd^x^pes,' Uranium^ 
Ur'ahium^235-, and aranium-238. Neither .Urajiium-23k ridr -Urariium-238\is' fii^sionable* ,^ 
by th^ntel' neutrons. Only 7/10' s of 'a% (j0'.72%j. of riatioral' uranium is .Uraniu^ * ./ 

' and is thermally fissionable . ^ ' '. ' ^ 

/ There are* no. stable isotopes 6i any element heavier than le^^ 5ome>'^- ^ 
however, such as bismuth> thorium, and uranium have/sue^ long »haTf-iivfes that;' 

^carparison with.^the human life-span, they nky lse regarded as stable. . '-^ - ' . 

Table 1-2* is a list of the jnost abundant e^j&liehts on the earth, and seine 



of> th^ cQrrpounds'^in which they are found. ' 
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Weight -Pergentage .o,f- the ^Jost- Car^non Elefnents on Earth: 




(^<Ygen and Sj?licx)n - 
Iron . 

C^alciim' ' 
Scidiim . ^ ' 
PotassiXam ^ > • ' 
riagnesium^ Calcium • 
^TitaniSi . 

HycSrogen and Oxyc^^ 



Oxygen (O)- " " . 
Silicon (Si) 
Aluminum (Al) 
Iron. (Fe) -'-^ 
Calcii^' (Ca); 
Sodium {N^y ^ ^ 
Potassium f?^) ' 
Magnesium . (l'^) 
Titanium (Tij 
Hydrogen (H)> 
Ail Others/ 



.>3 



A 




46.6% 
27.-7 
8.4, 
. 5.0' 
3.6 
2.8 
2.6 
./2.1 
0.4 
. 0.1 

i:o- 

^'lOO.O% 



Sand, agate, lavas ' #' • ' ; ' 
Various clays / 
Oxides -and siilphicJe'^^res . • 
LimesfciJaies . : \ : 
Tabib salt'^^ ' , . ; 
Felds^pr minerals (clay,) ^ 
Har^^ water, limestone , > dolomite 
Seiq^precious^ stones,, paints^, 
imitation diamonds 



VJater 




^ — ■ . — : — - : , • 

, . iRi&diation" is nattore's method of moving energy* .from piace to p],ace. ^ 
.Electromagnetic radiation is a sixty- four dollar word fo^a phenomenon that .. 
' people have been familiar with all their 'lives. Heat, light, and radio waves 
'are all exairples. Less familiar forms tihat you'll heed to know about in . 
oconnection with nuclear power are X-ra^s and gamma rays." • . 

. . Even thou^ all these forms of radiation ^e physically similar, they 
ihave dif fei^tf nanes because of the w^y by •^hich; they are produced. The means' 
cbr producijpg heat are familiar to everyone. Li^t ni^ be produced by^a candle,- 
an^oii lanp, ah;elGct3:ic light ,bulbr a fluorescent light tijbe,^or by., the sun. 
Ra:di6 and TV transmitters are less f-amiliar' to the general ^public, but at least 
they are n'o/^ster^''. ^-MDst peoole i^ve had sore contact, vAiether direct or ^ 
indirect, with X-rays and are therefore aware^that the machine that makes 
..X-r^s \s not ^t all like the cai1ty_e t±iat makes light. . Both light and X-rays, 
havever, are electrcmagnetic^jradiatign (EMR) , ■ ■ 

Gamma rays areSasually associated -with :alpha and beta ray^/^Cause they 
' are all pjoduced as^^result of, th^ba^eak-up-of an atom (called radioactive decay 
or. disintegration) . Actually, >^ipHas and betas arfe not electromagnetic rac^ia-; 
tions, but particies. Anyone interested m i±ie story , o^. the discovery of 
"'these pro^)erties can fiAd a very readable account in Asiinov's Worlds. Within 
. , Worlds (Reference I; in the ^Technolpgy bibliography) . ' » ' ft . 

^at are' the effects of low-level^^r^iation on the human orjj^ism and 
^the environment? The effects have been impossible »J;o measure because the 
earth^'and everything on it have been bathed in low-- level radiation since the 
beginning of time: There is no way of performing an experiment in the absence ^ • 
f these radiations. 

>■■■».'. ■ ■ . . ■ 

Naturally ocxnjrrin<^ 'radiation sources include the heavy elements 
uranium and^thorium and their decay products (parents and daughters*) , heat, 
light, radio waves, ultra-violet and cosmic rays*, and thS potassium contained 
-in the human body. * . ^ 

It is obvious that low- level radiation has always been with us. In 
-fac^t, Without it, feome life processes. would be impossible (for example, 
photosynthesis - the formation of carbohydrates in plants exposed ^o light) . 

Ionization* . . ^ 

An atom has been described as having a massive 'nucleus with one or more 
orbiting electrons. I'^Jhen one or more of these electrons is removed, the atom 
is "ionized."' IJhen an atom -that is a cart of a moleciiLe is ionized, the 
nolecule is usually destroyed. The atom that has lost one or more electrons 



IS said to be "excited" and will actiyelv seek to regain the lost electrons. * ' 
This process can be very .hafmful in''ib^|ah tissues. / ' ' 

Non-Ionizing Radiation V ' f 

• Suiply fecause a f orni of radiation is non-ionizing does' not mean 

K ■ ■* ' . . ■. • ■ ■ ■ • 

that it is : entirely harmless; All radiation, even though it is es^ential^ 

^ . • *■.■■'..'.' - . •' ' * • " 

to life, can be harmful or even lethal when applied- in massive' doses or at high 

intensity." Many -ex^nples readily came^to mind.. Sunlight, though useful 

for sight, can cause blindness if one looks directly at the sun. Ifltra-violet 

light reacts .with bodily tissues to' produce the essential D viramin,' but 

under high intensity and prolonged exposure/ may. cause skin cancer. .Radio . 

••waves carry our conversations, transmit movies,- guide ships .and airplanes in 

darkness and fog, fight disease with amficial fevers, and cook our *food. Yet 

high intensities and prolonged exposure can cause death. ^ . 

■ Table 1-3 lists 1±ie various uses and ha^ardfe of EMR. ' r ' 



Table 1-3 



rc^na( 



Electrdnaghetic Radiation Hazards 



TvDe 



Level 



Low- and ModexNate* 



High tQ^Very High 



Non- ioriiz ing . - 

. Very long wave 
(power frequencies) 

Radio wa^s 



Infrared (heat) 



Visible light 



Ionizing ^ / . 

Ultra-violet 

X-ravs and gamma 
ravs 



Associated long wave '-;..L:. • ^. 
. source-no apparent ''effects . 

Essential .to comraanica- " 
tidns. 

Photosynthesis .^v- . 
Essential to life. 

Ess^tial to sij^ght. 



Fiuor^sceht lights. 
Produces Vitamin D 
■ifi huraains^ 

Medical diagnostic uses 
and industrial inspection. 



No. excessively 
high sources . 

Artificial fever; 
■ can" .'c^iise overheajt- > 
ing 'St death. 

• ■ /Revere bums-death. 



: .Direct sunli^t . 
. causes -blindness; 
laser light can cause 
severe bums and blind- 
ness. 



May . cause« sunburn 
and skin cancer . 



loni zation causes 
tissue damage or 
'death. 



Par-bicle Radiation ^ ^ • ■ 

Particle, radiation' appears as a result of -radioactive disintegration. 

tbreak-upK and nuclear fission. Alpha particles have a very short range. — 

• * ■ •» 
they can^even be stopped by a piece of paper; they are very intense, however, 

» ■ • ■ . • ' 'f ^ 

. and can be yery damaging if ingested. ' , 

Beta particles are electrons. Thev have a very, small mass and are itore 

penetrating than alpha particles (but less than gahina rays).. / . 

Half Life* ' - • ' ' • " ' ' 



Another ..concept 'which describes the .nature'^ of radiation is .the haj-f-life^ 
or irate of disintegration.- That is ' lihe time requ^ to reduce the :quantit7^ 
of an isptope to one-half the 'original amount. If the dis^tegration rate is 
very high/ the substance is^said to have a short half-life. Obviously, then, 
a long half-life indicates a low rate .of disintegration. The dose rate. is 
'higher, and the hazard greater, in cases of exposure to a short half-life 
isotop^ thin an equivalent timi of exposure t6 ay^long half -life isotope. 

• ■ . ; . FISSION ■ ■ ' . * . ' ; ■ • : 



' The conversion rate of an element ,v described as it:^ half- life, is an 
' indication of '^that element's instability. Another form of conversion tian be 
induced by the addition of a neutron. The fission process of uraniii:n-2 35 
■ is induced by allbwing a slowly rroviag neutron to approach^ the atom. The 
neutron is absorbed and creates such havoc that the nucleus splits in two 
. nearly eq\jal' fragments, plus an average of 2.5 extra neutrons. . The ^xtra • 
^ neutrons can be absorbed by other U-235 nuclei, and on and oik in a chain . 

reaction.*- This process is not as slnple as it sounds. In , a 'nuclear reactor* 
some ijeutrons escape be^re encountering a nucleus. Some collide^with a > 
. material called a rrpderator* (because, it slows, down neutrons) . Sore are ab- 
sorbed by other materials v^ich are specially added to 'the reactor core.* 
All of these conditions enable the reaction to be controlled at a specific 
operating power* level.. Vexy sensitive instruments monitor and maintain the 
desired level . * * , ' * , • 

- \ The energy released by. the fission process is not identical in every 

case, i^ut averages 200 MeV i200 million .electron volts*) per fission. The. • 
average 2.5 neutrons per fission are not all emitted at one time. This delay 
makes. It possible to control the power level of the reactor. 
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Fission Products 

Several, hundred different species of isotopes are .produced by fission 
in a nuclear reactor. These isotopes are generally not useful and must 
receive proper disposal/- (They could also be regarded as by-products which 
could be a supplarent^ry source of energy.) Fission products have half- 
lives which range tran very short to very long, and some are . even stable. . 
The radioactive isotopes are'* beta arid/or ^amma emitters. The most danger- • 
^.ous are those having short ijalf-lives and large gamma energies. High energy 
betas and gammas' are dangerous because of the tissue destruction that. ioni- 
aiatjipn caiases. Short half-lives are d^gerous because they produce nore of " 
' tbe damaging -radiations in a. short time. * . ■ . ^ ■ 

StrontiuiTh-go and its short half-life .d^ghter* are dangerous because 
they res^Si^,^ ca^^ displacement, and they concentrate in bone. Iodine-137 - 
IS also dangerou? because it cxDncentrates in the thyroid. 

The fission fragments which remain after fission reactions are like 
the. qshes of coal or wood firfes. Just asXashes, left to accumulate, .can 
Eventually choke oubv^ire, so fission prdducts can stop the reaction pro^ 
cess ^before the fuel is^RSi|ned^_^^ assemblies or rods must be' re- 

vmoved from the core and replaced'- with fresh oneSc Although used fuel rods 
^fron coimiercial reactors still' contain large amounts of unused uranium - 
that could be reprocessed into new fuel elements, they are not now being re- 
processed.- (See Environmental Unit - Waste Disposal.) * 

At first, fission products were ■ stored in underground tanks which had • 
to be cooled to early off gairna heat. Then a calcining process was developed 
which. changed liquids to solids, making storage mucdi siifpler. Recently, a 
process o£ casting the solids into borosilicate glass (similar to Pyrex) has 
been developed, vdiich makes .them' virtually indestructible. It has been 
calculated that one cubic meter (little more than a cubic yard) of this . 
calcined njaterial produces enough gamma heat to . sijpply heating for the 
equivalent of four average hones for one hundred years. •, Practical consider a- 
tioils, however, make the use of fission products for heating more suitable . 
t6 large 'scale applications, such as central systems in large buildings. In 
suc±i applications, the problem of public acceptance woUld. seem to be the. main 
barrier. 

.•• Ik 

Reactor Safety < ■ _ ' i 

Ihe possibility of contamination in dealijig with nu^ 
resulted in the development of proeedu^s and techniques whidi have a remarkable 
safety record, a new profession, that If the Health Physicist, has. emerged — 
a combination of physicist, data. clerk ,\echnician, and watch dog. It is the 



Health Physicist \^dlo is charged with the oversight of all pjjefations 
in the handling'of nuclear materials, at a. power plant. 
^ In addition to the disposal, of fission products and the possi-» 

- bility of contamination in dealing with nuclear materials/ the general 
public is apprehensive of the consequences of a nuclear - accident, as 
at Three; Mile Island. The. failure to distinguish between an event. 
\ft*iich is possible and one that is probable is pne source of c^bnfus'ion. 
It is possible that you will be struck by a meteor, but highly im- 
probable. It is 'possible that a serious^accident resulting in many 

. ; • ' .■ 

deaths could occur ^t a"" nuclear power plant (or a fossil-fueled* plant*" 
.or a hydroelectric facility) but highly irtj^bable. 
• ' ^\ Another point of , confusion- - nuclear power, plants cannot explode _ 
like a bsmb/ The. physical arrangement of the fuel elements makes such ^ ' 
• ^an event irtipossible. Another kind of explosion which could happen in a 



nuclear,, coal, oil, or gas fpwer plant is k steam explosion. It was" 
fear^, 'but did not happen, at Three Mile .Island. There has been one • ■ ' 
steam explosion in nuclear reactor history; in which three men were 
killed, in Idaho. No . radioactive material .escaped 'to the atmosphere, and 
traffic was allowed to continue along a major highway less^than one 
quarter of a mile away. b ' ' . ■ . •. \. 

. The government and industry have both been involved in reactor safety 
research since the earliest days of the tower development program. Test 
programs have dealt with simulated accideiits, - core destruction, re Utility 
of automatic safety systems, etc. The Loss of Fluid Test (LOFT) and the 
Power Burst B^acility (PBF) projects are exanples. . . - 

. Onq result of the Three Mile. Island incident is a reassessment of 
operating procedures and expanded research programs in reactor safety. A ' . ? 
significant finding of the President's Carmissiori on the accident at Three - 
Mile Island (the -Kemeny repoirt) was tfiat , the. incident would have been- minor, 
" . . .had. the operators and management reacted, properly ..." Further,* the 

Ccanmission reported, ^wherever we Iqok^, v\7e found problems with the 

human beings who operate the plant,: with the management that runs the key 
organization, and with the agency that is charged, with assuring the . safety 
of nuclear power plants," - In fact, the- report continues, "This Comndssion • 
believes that it is an absorbing concern with safety that wil J.-: bring about 
safety... the human beings who manage and operate ^e plants constitute an ■ 
inportant safety system." ' • ^ • • . ■ * ' ^ 



• .This kind of emphasis on responsibility is something the -workshop 
participant cap. and should to^tunicate to local nuclgar ppwer plant off i-. 
cials. The inportance of responsibility was ; also stressed by Admiral : ' 
Rickover in testimony before a Cpngre's^siqhal Subdcmnittee -after. .Three' Mile " ■ 
Island.-. He enphasized thatr^pta^ responsibility must reside 'i^' •'a-: single " 
individual.^ The Navy nucleic^ procfram has been" in operation' for ■.26 .years, 
^ wi^out/an accident involving nucle^ reactors or the. xBle^ase of ■ any , 

radioacfeivity which had a significant environmental uopact. • - ' . 

. , . . M^a result of'T^iree Miie Inland, . industry and. gove^^ 
gun to 'take, steps for. the .prevention of; recurrences* Private citizLis ^can " 
be Jiarticipants m this^process/ because a citizen has. the rj.ght to insist." 
•• that safety Vecmren followed;* Community officials should -be. ': 

continually inforired.of*';^ at. the plant, " .(The effect of releases ■> 

of radioactive isotopes is povered in -^^^ For addi- 

ti9nal' technical :discussion on reactor safety/ the reader is' referred to 
. Appendices T-1 and T-2. Appendix T-1 discusses certain factors pertinent- 
to Ipactor design. Appendtx T-2 gives additional 'Retails of "the "Idalio 
nuclear incident referreid to abc^ve. ) . ' . * " ' . 

' NUCI^AI^ REACTOR TYPES V. ' ^ . , 

Although many designs, have, been, proposed, this sectdon will deal . ^"^^ 
. only with general "types. High .^ergy rieutrons have a low probability of 
l^ing absorbed by the other atc^. or;molecules in" /the ^ reactor,- By intro-. 
...V- ducing 'moderating atcms, the speed -of ..these neutrons is reduced and the' 
■probabiiity of absorption is greatly increased. Th^ee. general reactor 
types . have been .developed. The type selected depends on .the energy at- " 
whigh most of .the .fission^; occur , • * ; ' • . • - . • 

Thermal Reactors , l^reutrons imst be slowed' down in' these teactors. 
(See Figs. I-l and 1-2) Graphite,, heavy water, (enriched with deuterium) 
ox light water (distilled w^ter)' ^can be used. Vast, modem reactors use 
light water.'' ' ^ " " ' 

., > Two kinds of thermal ^reactors are boiling water (BWR) and pressurized 
water (PWR) -types. In boiling water reactors/ the 'water is ■ both moderator 
anci coolant.* The wat^^ is 'aj.lawed to boil in to' steam that goes to the 
turbines to produce electricity. . Pressurized water reactors do not allow 
the.wa^er to boil. .Thifough the usevof heat exchangers (piping 'systems).,- a 
secondary fluid is.bonverted to" steam for use m, turbines produce electri- 
city, •■ . . • ■ . ■ • ' ' - ' .\ ■ 

... ' ' . ' . . . c ■ . ■ ■ * „ ' ■ ' 
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third thermal type is the high temperature gas-cooled reactor (Fig. 1-3) • 

The nxxierator is graphite; the coolant is helium gas. ^Steam, v^ich^a^ain is 

produced in heat exchangers, runs .the turbines. . 

Fast Reactors . These reactors use. liquid sodim^as the primary coolant 

because it does not slow neutrons appreciably. (See Fig. 1-4) A "blanket" of 

U-2 38 turns ^escaping neutrons back, into the core; it also absorbs sore neutrons 

^ and -eventually becomes plutonium-239? hence, the name "breeder reactor.*" The 

Experimental Breeder Reactor II is of this* design. ... 

Intermediate Reactors . The large absorption, probabilities of thorium in 

tlie intermediate energy range are used ^to iitprove the conversion of thorium-232 

■ • ■ . ~ . i ' 

to uranium- 233v- An example is the molten salt reactor that uses thorium-232 

m the "blanke;jt" and produces fis'sionable uranium-233. 

Plant Design / ■ 

All reactor types follow a general design plan. Since metallic uranium 
bums in air and reacts with water, the fuel is contained in a conpound which / 
does not' react' with water,, such as uranium oxides or carbides, in case of a" 
water leak. Furthermore, the crystalline matrix more readily traps fission gases. 
The fuel is then encapsulated in tubes or rods which are arranged in bundles . 
called fuel assemblies. Figure 1-5 shews some typical fuel element designs. 
Several such assemblies are mounted in racks' to form a reactor core. 'These 
form the second line of containment, the first line being the fuel matrix it- . 
self. The primary coolant is circulated in spaces between the tubes and around 
the assemblies. In the case of a thermal reactor, the coolant serves as a 
moderator to slow dc^m the neutrons -and as a coolant 'to carry -away the .heat 
(which produces the steam to run the turbines) .. In the fast reactors; little 
moderator capacity is needed. , • ' 

\, Th^ third line of containment is the reactor vessel,' which is made of a 
high-integrity, stainless alloy. Sensing devices include tenperature and 

pressure probes, neutron level and fission rate detectors, and period measur- 

' ' " ■ ■ I ■ • ■ ■ ■ . ' ■ , ■ .'.-*•'■ 

, ing probes,, which check the rate at which reactor 'power changes. ' -ft 

The reactor vessel with its^ piping^ wiring, and. control mechanism is 

contained within a shielding enclosure. The enclosure is made of 6 to 8 f t- 

t±iick, high density concrete. The vessel,- enclosure, and the canal i^ich 

• . . ' ' .■■■•*..•*■■■■.■ 

allows loading and unloading of fresh and. spent fuel . assemblies under water, is 

i' ■" * • ■ ■ \ ' • 

Jihen enclosed in one (and sometimes two) additigpal enclosures designed to 

contain any release of radioactivity which might occur.: 

• • • • * ■ '. ■ , » 
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Waste Water is a problem ^with pressurized and boiling water reactors. 
Coirrosion products and low- level radionuclides accimilate - by neutron activa- 
tion in the cooling wat^. Research is continuing into means of dis^sal 
which are environnentally economically, and politically acceptable. 

' In a technological survey such as this, 'much detail has been sacri- 
ficed. The bibliography "gives the inquiring reader a starting point for. 
fiurther infoirmation, if desired. ^ / 



^ TBCHNOLOGICM^ UNIT QUESTIONS / ' 

These questions are not - to be -regarded asVa^ test; rather,^ -they are a- 
part of the learning process. , They are to ,be i'answered by reference to 
thej^ext and glossary. The instructor will ej^lain any questions conoem- 
^ing the correct answers. \ . , 

1. Technological infanriatiSi is needed: 

a) To pronote good will between industry and the general public^ 

■ • b) To provide an understanding of the operation, of a nuclear power 

plant . ' ' 

. c) To provide data on the cost of electricitip . 
d) To provide information on alternative eneray sources ' • 

2. The word "materials" is ^understood to comprise: 

a) All physical masses, matter, i.e., the stuff, ^e world is made- of ' 

■ b) Only solid matter 

c) Only printed, matter '^■* ^ ^ .V 

d) Cdnfposite collections of .various atoms ' ; . ■ ^ 

3. The smallest particle of matter that retains the chonical properties 
of an 'element is called: , , ^ . ' 

> a) ' A neutron . 
h) An atom 

c) An electron X ' ^ ■ / ' r ■ , 

d) A proton - - ' " ' 

' ; ■ ■ ' ' / ■ ■ ■ • • ' ■ V 

4. IVblefeules are ccnpbsed of: 

. a) Small grains of material ' . ' ° ^ 

b) Protons and. neutrons only 

- c) Several electrons * 

d) Two or more atoms of the same or different elements coaifeiiied in 
definite proportions^ . ' 

5. The smallest particle y of a coiTpomd that retains its physical aad 
chemical properties is a (n):' * \ 

- a) Molecule * 

b) Atom ■ 

c) Electron 

' d) Element . ■ . • i ' 

6. Siibata^iic pajrticles\smaller than atca^ ; ' * . 

^> Protons , ' ' 

Neutrons ^ ^ ... ... 

c) Electrons 

d) All of the above . ' * ' 



7. Nearly "all'of the inass .of an atom is cx)ntained in: 

a) The circufating electrons . . . , * 

b) The protons • , 

c) The nucleias - 

d) None -of the above ' ' . - ' 

8. The nucleias is composed of : . ' 

a) Electrons and neutrons 

b) Electrons and protons - ^ ' ^ ; . . 
* c) Protons^ or protons and neutrc^s " 

cj) Protons, neutrons, and electrons • * . • 

9. The niaiber of circulating electrons in an atom is: , ' . 

a) Equal to the protons and neutrons in the nucleus 

b) Equal to the number of protons minus the number of neutrons 
in the nucleus 

;c) Equal to the number of - protons in the nucleus 

d) Equal to, the number of neutrons in the nucleus , 

10. What characterizes the atoms of any particular element? . - . 

^ , a) The-^nuraber of protons in the nucleus / 

b) The number of neutrons in the rlucleus 

^ c) Tlie number of electrons in the nucleus 

d) The nCTJ>ar of orotons, neutrons, and electrons' in the . nucleus :- . 

11. An isotope of an element is: 

■.a) An atom of that element with the. same number of protons and a -\ 
different nximber of ^neutrons in the nucleus 

b) Anaton of that element with different niniber^of protons in the 
nucleus ' i - . ' ' 

c) An atom of that element with, protons in the outer shell 

d) An atom of that element with neutrons in the outer shell 

\: ■ .\ ■ .. / . ■ \ 

12. Uranium-235, the fissionable isotope of uranium is present in natural 
loranium in the followijig percent: ' . 

a) 7.0% . ■ ■ . ' ^ "^^r^;. ■ ■' . " ■ • ■• ' •• " 

. " b) 70.0% ' • ' "v ' ' 

c) 0.72% • . ' ^\ 

d) 0.072% . . . ' ^ 

13. The two most abundant elements -in the earth are: 

a) . Oxygen and Aluminum ^ ' .. .. r 

b) Oxygen and Silicon ... 

c) Oxygen and Calcium ^ * • . 

d) Oxygen and iVIagnesium 
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14. Radiation is a natural phenoiBnon used to: 



a) Maintain the earth in its orbit* aroiind the sun 
• b) Produce ocean tides ^ ' 
- c)' MDve energy frcra place to place 
d) Prevent people from living excessively long lives 

15. Familiar forms of electrcinagnetic radiation (EMR) are:" 

a) Heat and light 

b) Radio and TV waves . . 

c) X-rays 

d) All of the above 

16. The following are -not EMR forms: 

a) Alpha and beta rays ' 

b) Heat and light \^ l . 

c) X-rays and gamma ra^s^ 

d) None of the above 




17. An atom that has lost !an el^ctroA is said to be:^ 

a) Agonized ^ ■ 

b) Ionized J^. ' ' 

c) Publicized ' V 1 ^ 
■ d) SiiTonized ^ ^ 

18. ' Ionization is harmful to hiinans because: - 

a) It lights up one'-s life . ^ 

b) All atoms emit ionization , 

c) It is destructive of human^ tissue * . 

d) None of its f orins are directly observable by humans 

19. Non-ionizing radiatic±is can -be harmful to humans because: 

■ a) Ihey have©, no .practical value to humans 

b) They are never visible \ 

^c) They are'^produced as products of radioactive disintegration 

. d) Ihey are sometimes applied in excessively large amounts. 

20. When an aton -breaks up, the following radioactive disintegration* 
produ<7ts are formed: ' . - 

a) Protons, neutrons, and electrons \- 
' ,b) Lexicons, croutons, and leprechauns 
c?) Hexagons, automatons, and xenons 
d) Alpha, beta and gamma rays 
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21. Of the three products of ra.digactive disintegrat;ion, which is the most 
penetrating:' '.• ^ ' 



• a\ Gamma" rays • . 
; . • hY Beta rays 
. . c)- Alpha rays 
I d). None of the aboye 

22 ^Half-life . refers to: 



a) The tine reg;uired for the break-\:p ,of a single atam> 

b) Half of the iiive during which^an atom remains stable 

c) The tirre durin<^ which one-half of the original quantity of an 
element is changed by radioactive disintegration o 

d) One-half of the average lifetime of an elerrent 

23. > A shore half-life means: 

t 

a) Many disintegrations In a short time ; " . ■ ^ 

b) Many disintegrations in a long time . ' 
■ c) -Few disintegrations in a short time 

d) Few disintegratipns in a long time 



24. The least hazar(Jous radioactive isotopes are: 

a) Those having the shortest. half-lives 

b) Those having iroderate half- lives 

c) Those having the. longest half-lives 

d) None of the above 



25. Assessment of the. environmental effects of low-level radiation is made 
difficult if . not inpossible by: ' . 

a) Instrumental deficiencies 

b) The pervasive nature of radiation 

- c) , Interference from the earth's magnetic field . 
d) The existence of sun spots . 

26. An atom of UrakLum-235 can be caused to split int^ two nearly equal parts 

■ a) By absorbing a neutron 

b) By absorbing a proton \ .. 

c) By absorbing an; Electron - . • ^ 

d) By- absorbing a photx>n 

27. On the average, how many neutrons are emitted per fission in a nuclear 
reactor : * ' 



a) 2.5 

b; 0.25 

c) 25.00 

d) - 2.05 
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Neutron-absorbing ifeterial is added to the core of a reactor for the 
purpose of: . , . . ^ 



a) Absorbing heat for control purposes 
.b) Absorbing electrons for producing heat 

c) Absorbing neutrons for control pprposes ' . • 

d) . Absorbiiig stray protons • . • 

The energy produced in a nuclear reactor is: 

a) The result of frictional forces' , ^ * , 

b) Due to hot spots on the Uraniym-235 atons * 

c) . The result. of the- conversion of mass to energy 

d) . The result 'of cooling the core by circulating cold water 

The fraginents resulting from nuclear fission are known as: - 

a) Fission by-products 

b) ^Electrons and protons ^ 

c) Stable isotopes • \ 

d) '.Unstable isotopes "' • . '\ <f 

jPhe half-lives of fission products: * 

a) Are all vej:^ short : : 

b) Are all very long * 

c) Have values ranging from very short to very long ; ' 

d) ' Are all corpletely unknown ' 

One cubic meter of calcined fission products produces eiii&gh gamma 
heat to heat: • . ■ . ^*«^ ' ■ 

a) 100 homes per year 

b) . 4 hcrf^es . - 

c) Notliing at all 

d) One mobile hanne 

^ Strontium- 9 0^. is a dangerous fissi^ product because: 
a) ^tt is 



b) 
6) 
d) 



is soluble in water . 
It is soluble in.Mazola Oil ^ ^ / • • '^ 

jCt is radioactivg and has^'a long hcilf-life ; • ^ . 

It is radioactive; it displaces. palcium in bones; it has a' long-' s_ 
half-life^ and it has highly radioactive daughter products . 



When a fuel, rod is removed from a ccannercial reactor as being used xip 
(bimed up) : 

' " • . ' i« . . ' 

trcwn in the dunp . \ ' 

reprticessed to salvage the unusexi fuel ar.d. ^"emove the 
fis^^n/produQts ; • . ... ■ 

c) It is reprocessed to render the fission products, harmless / 

d) ;i-(;:. is reprocessed to make sxore all t!he available heat has been 
racted * - 




35. A hfealth physicist is: 

, a) A Physicist ' 

b) A Technician \ 

c) A DataClerk ^ 
.d) A watch dog - ' 

e) All of. the above ; . 
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A nuclear "bomb-like" explosion is irrpossible in a nuclear power reactor 



because 

a) Things like that jusg^ don't happen 
" I .py Nuclear power reactors are constructed geannetrically -saf e 

c) Safety circuits have built-in devices to prevent ' explosions \ 

d) Explosion-producing procedures are prohibited ' / . • 

37. A nuclear "boi±>-like" explosion is: 

w ■ • • ' . 

a) One in which nuclear reactions only occur and tertperatures and . . 

^ pressures result that approach those in the interior of the sun ' . 

b) One m which s£eam is produced as in a coal-fired plant 

c) One^that blows like a bomb . 

d) One that has nothing to do with nuclear energy but is called that 
because of its violdPice . <'■'''.' 

. * '■ ■ ■ ' " . . 

38. The event in -Idaho was what kinH of explosion: " - ' • ' • 

a) ' A trivial matter ' , ■ ■ * " _ ^ 

b) A "banb-rlike" explosion ' ' ■' \ 

.;c) A steam Explosion . "" v 

. d) An explosion that burs^M^e contaipment building and .spread radioactive 
contamination over a yery^arge area . 

39. A recent event that has focused public attention on nuclear reactor safety 
was: ^ • -tr- ■' . ' • ■ ^ • - . 

a) The sinking o£ . the Titanic ■ ' ] .v - 

' b) The SL-1 Reactor accident ■ \ '^^>- . ' • :. • 

c) The Ituree Mile Island accident ' ' . . • 

.. d):VThe bombing of Hiroshima ^, ■ • - " ' ■ • , • 

^"40. According to the findings of the President's QD^jn^^ the ihree Mile 

Island accident:"^ :'. . : . • • ^ ■ ' - 

^ ■ *; . a)- There 'w6re equipment' failures , but the. incident VQiiLd have been . , . 

b) Thfere was nothii^g the operators- could have done to minimize the 
effects of the equipment f^ilioreg . ; ' ,; ' '[ \ ' 

. ' c) There were no probliems with the ,^qifiipment • . 

d) The operators did everything possible to minimize the effects of . 
equipment failure? ^ ^ ^\ . \ 



The* President's CotniTdssicai ' is convinced that: 



a) The. operator 's attitiide tcward reactor safety is of little . - 
consequence . . . * . 

b) Human beings vdio manage and operate the plants constitute an 
. irrportant safety systCTi . ■ ^ 

c) Nothing more need be done to ijrprove reactor safety * 

d) Regulations alone can assure -the safe operation of nuclear reactors 

The President ' s Carmission believes : ' 

• • ' , • • • • ■• 

a) That nuc3.ear .!feactiors are inherently safe and nothing more need be • 

• done ' ' • ■ ' - ' '.. ■ ^ . . • 

b) That it is an absorbing concern with safety ||hat will bring about safety 

c) That an, absorbing concern with safety is desirable^ but not necessary ' 

d) That no amount of concern with '^afety will make nuclear reactors any - • 
, safer ' ^ , . 

' ■ ^' ■ ■ ' '■' ' • ■ . ■- 

A vital corponent of the reactor safety syste^^.^L^'r ' • *^ - 

a) ''A set of narrowly prescribed and fenplex regulk£ions \ r 

b) A vast airray^bf plant function indicators displaying normal operating 

• conditions ;only 

c) Well-marked .escape routes for use in 6ie event pf an incident' 

d) The human beings vdipr manage and operate^ the plant . • 

The Naval Nuclear Propiilsion"' Program has operated nuclear reactors hdw 
long without an accident >?inj>olving a naval reactor:- - ./ , 

a) 2.6 years- < ' ^ 

b) 26.0 years 

-c). 16.0 years ■ ' -^W'^. > ^ • 

;<J)v:^1.6 years 

.A^:basic principle conlitibutd^g to the safe operation of nuclear reactors - . 
•IS:' ' ■ ' ■ ' . ■ . . V 

a) ' -JTotal responsibility residi^ 

b) .;High level of mental ^ilities and qualities of judg^tri^t 

c) Strict ^ccnpliance with detailed operating and casualty^procedures 

d) All of the above .^,v 



Community officials need to tak^ the fc^llpwing steps to assist industry 
to operate nuclear reactors safely: . ' . ; / 

a) Maintain a continuing expressed interest in plant safety: o^&gations . 

b) Ljaave evelrything ip tQ the industry pfficials .^V.'"- 

c) Continue to pressure industry to adopt narrowly dram, cotplicated . 
regulatioris • ^' 

d) Set up./ standards for industry to follow 



*47.. The kind; of a neutron-: ne^ed . to produce fissions in a. pressurized water" 
reactor is:/.* ^ ' 1 ^ ■ . 

a) A fast -.neutron y^- . * 

■b) ,An intexirediate ^n^utjEX)^ , .' . " . - . 

c) A therrnal neutron' . ' - • . 

d) A fission neutron • .^ ' :■■ . . ..' /^ .■ ".'V 

• ' ' . .• • • ' ' »''.'■ 

• , • "To * . ' ■ .. ^ ' 

4&. Liquid sodium is used^ '^ coolant in vdiat kind of reactor;: 
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a) Liq\iid iTBtal fast " ^ 

'b) Pre'ssurized water reactor,^ . . 

,c): Gas-ODpled - . . . 

d) Boiliiig watbr reactbrs v" ^ v/" ■ • . 

In a pressurized water, .reactor-^ light water is:* 



a*) Never; used \ ■ ■ . ■ ■ ' / ■ ■. ' . ' ■]■ 

■?-'f^ . b)-'U^ . ' *' . ■ ^ / 

c) , tised, under reduced pressure '/to inr^ efficiency 

d) Used mixed with liquid soditim. to permit the developiTimt of'high powet 

50'- Oxides or carbides of \aranium are used iry /p refe rence to metallic 
uranium because: ' 

a) Metallic uranium is K/rophdric (burns in the presence of air) ^ . - 

b) Fissiori; gases ^ are more , readily trapped, in. the crystalline, matrix 

c) DDes \^not react with water as does m^ \ ■ 

. :d) All &[|bie^ abo^^..^^ /\ ^ . " . : , 

'51, Tte. most:: cca^^ cortimercial reactor types ^are: , a . ^ 
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aX Gas-oboled and ^^ast'^ breeder reactors r 
■|^) BWR 4hd:'PWR ■ . , ' 

c) jyiolten Satt and Gas-cooled ' , 

•d) Fast. br^er -and' PWR ^ . \ ; 

The only device that - i|';?inherently safe to operate with, little or- riq.y/ 
•training is: ' . 

a) A nucleaij ,2;eactor;;^';?^^^^' 

b) A ccimiercial..3e^^ 

c) An autanobii^^''^ 

d) A p^per airplane 
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Appendix. 'IVI -i , . ^ . ' * • . ''"v"-" 

■;; Reactor Design Corisiderations . " , 

Geannetrically Safe . . ■ / . j 

Th^ guarantee that a .nuclear, pcfwer /^ cannot erolode " like a - 

• bonb" rests prinarily on; the ■concept of^' "geometric, safety.." ■ . 

Neutrons emitted diiting^ Hence, the 

distance that they travel before 'encoiintering another uranium atcan to pro- 
duce-^anpther fission is also large. ; If , then, the distance from the site 
of the fission^ to the edge of the cor^ is small corpared to the neutron's ■ 
path length, that neutron will escape before it can cavise a fission. To 
... maintain a chain teaction, at le^st one, on the average, of the average 2.5 
. / fissidn neutrons must be absorbed by another uranium aton. *^If ittore than 
.1.5 nei^trons per fission escape, the chain reaction cannot be maintained.;. 
That . happens vdien the surface area/of -the core is large . corrpared to the • 
mass of tKe uranium. " In. the case pf a barb, this, surface-to-mass ratio is 
reduced to the mojiimumi Nuclear power reactors ^ve large surface-tarmass 
%ratios to make them geometrically safe . 

If |the gecmetric -factor were thfe only factor, there would, be no .nuclefeo: 
i:^actors;. .At this point, other characteristics care into play. 

Thennal Coefficient 
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The fission neutrons with^lcw fission ^Sorption prbbability must be 
. slowed down to thermal energies v^ere the fission probability is high. If, - 
hc^ever, the core heats up, a^ it must to produce pcwer, the neutrons are 
pushed ^ to higher energies ^v^ere the fission probability is less. In 
addition;, thennal expai:ision reduces fuel density and hence, fission probabil- 
ity.- The degree to viiich thL reactor , responds to an increase in tertperature 
is Called the tenperature. c^fficient. Most reactors are designed to have 
■• a negatiye tenperature coei^f icient' and hence, the power is self limiting. 
; But there are other counteracting effects. Thermal expansion of the mpdera- 
.vtor and/pr coolant, reduces neutron absorption and hence, neutron loss. 

Thej abG>3ie explanation has been over siirplified and the actual design 
is much more conplicated/ \ ^ ^ / . , 

Reflectors / . ^ / ' ' ^ 

To maintain a neutron chain reaction, it is necessary to reduce the , 
leakage-* of neutrons frqm the core. That is done by surrounding . the obre with 
a reflector. A reflector is a material having a large scattering probability' 
and a small absorption probability. . Varioiis materials have been used for this 
purpose. Soinetirres the reflector serves a dual oxiroose.- When uranium-238 
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is used/ It also serves as a breeding material; when graphite is used, it 
also serves as a moderator. * " ^ . 

Delayed Neutrons i . 

When nuclear fuel fissions, all the average 2.5 neutrons per fission 
are not' emitted at the mcment, of fission. A small percentage are^ emitted 
f rem certain fission prpduct^^ a short time later. There are several groups 
of such delayed neutrons that, are emitted anywhere from about .2 second to! 
about 50 seconds following the instant of fission. * 

. . Delayed neutrons are crucial to the control of nuclear reacrtors. The 
pwer level of a nuclear reactor is controlled by the introduction or re- - 
moval of absorbing or reflecting materials, that. is ^accorplished by means. 
, of electro-mechanical devices. 

The control circuits include neutroif sensors, signal anplifiers, and 
mechanical actuators. These cannot be made to respond to neutron level 
changes instantly. The existence of these delayed neutrons, therefore, * 
leaves time for the ''control devices to take effect. / 

The design of a nuclear reactor, therefore , -requires an optimum balance 
of all these factors: . fission probability of the ^clear fuel, neutron 
leakage from the core, reflector efficiency, moderator and. coolant scatter- 
ing and absorption pfobabilit^y,. teiTperatiire coefficient, ^ and control cir- 
cuitry. . . : 

. ■' ■ \ f. " Appendix T-2 

" The Idaho Incident 

Exactly what led to the Idaho incident referred to in. the text, will 
never be known, since the three military service men present were killed.- . 
What is kpown is that steam was generated at such ..a rapid rate that the^ 
top of the reactor vessel was blown off, and the moderator-coolant aiid cont3X)l 
rods were blown out , of the core. Removal, of the moderator put an end to 
the chain reaction and thus a "bcarib-like" explosion was iitpoSsible. . The . 
chief damage to the core was mechanical, due to the violence of the steam 
explosion. 



CITIZEN EDUCATION on NUCLEAR 
TECHNOLOGY . . 

• ' ■ ^ . . ■ , II - ENVIEONMENTAL/ECOLOGICAL UNIT . ■■ ' ■ 

;\ • "And makes us rather bear those ills we have. 

Than fly to others, that we know not of." 

• ' Hamlet , ' . • , 

■ The relations between nuclear energy and the ehvironment may be 
classified* as, - a) ^e effect of the environment on the nuclear power 
plant, andf, b)The effect of the nuclear power plant on the environment. 
To place the vdiole question in the. proper perspective, these same effects 
resulting f ran . the construction of alternative energy sources also need . / - 
to' be considered. 

The inpact of the presence of a nuclear power Dlant on humans as a 
part of the eco-system is described. 

As . an example of the kinds of things that need- to be Gonsidered^ 
and how the problem was handled in one instance, the case of the Idaho ^ 
National Engineering Laboratory in eastern Idaho is described.- 

V \ ENVII^l^ENTAL gHTOJTS ON A NUCLEAR . PLANT " " " ' 

. - ■ • ^ ".• • • ■ ■ . ■ . , ■ ■ . ■ ' . 

Introduction ✓ 

I^Jhen planning for a nuclear power plant begins, the plant's effect^^ 
on the environmeht and the environment's effect on the plant are airong many 
factors considered. The intent is to minimize, to the greatest extent 
possible, any damage which may occur in the event of an accident. 

The siting of this plant, therefore, considers such th. ngs as prevaily- 
ing Wind directions, rainfall history, and flood threats, and the seismic 
(earthquake) characteristics of the area. 

The. wind direction is , probably the most obvious cbncein to the layman • 
If an, accidental release of radioactivity were to cc.cur, it would be iiiportant^ 
that the plant be sited to minimize the ief feet of that radioactivity, particular- 
ly on people and in agricultural areas. . 

Rainfall and flood threats ^ron nearby rivers or dams are also con- 
aidered because of their rxDSSible jinoact. on the nlant structure itself. 

ffost neoble-, when thev think of earthquakes, .think of an earthquake belt, 
stretching fron California to Alaska. f1!any also remember the quake vMch stmack 



the YellGwstone Park area in 1959. Peoole who live away from those areas 
probably think of earthquakes as sotething vdiich "can't happen here." 

Actually, every area of the U. S. is subjected to small^ trenors as ^1 
a normal occurrence , usually unnoticeable except on specialized equiprnent. 
In. fact, Boston, Charleston, S. C, and the St. Louis- area have all suffered 
' inassive quakes since they were settled by European colonists. Since this 
potential exists, the builders of nuclear plains are required to prepare 
for that remote worst possible event. ^ 

This part of the text will deal with conditions that exist in the area ; 
of the nuclear t^st facility here in Idaho. The material is presented as an 
exairpie of the kinds of things that need to be ODnsidered iri the cons tniqt ion 
of ccmmercial nuclear power plants. ' , 

Prevailing Winds 

Th^ Idato.Natioxiai' Engineering Laboratory is in a belt of prevailing 
westerly winds; ;La,ck of atmospheric stability in. the spring and summer leads 
to stronger winds, with the highest wind speeds register^, 'in the spring. 

Generally, wind direction is governed by the mountains and mountain/valley 
effects, with alterations caused by storm patterns. v,^t higher altitudes, the 
predcmin^t direction in the winter is NW, - s the spring,* SW in 

! the summer,, and back tp'j^ in the fal ] - ' ; ^ , 

Information .about wird speed 

radar; r transponders/-^ a radio device' sent aloft in" a balloon \rtdrLch transmits 

weather information at the conmand of a base station; and tetroons - a one-cubic 

meter four-sided constant voluiTe balloon made of ^ 

The prinnary concern, forfthis course, is the relation of wind direction 

• . . . ■ " - ■' ft • 

to population centers. Towns' in the path. of southwesterly spring and surrmer 

winds .include Jybnteview, ]to3 Lake, Terretoh, Dubois, Camas, Hamer, and St. 

Anthony. Iri the winter, strong southwesterly flows can occur in advance of a 

storm front. The normal northerly winds of winter flow toward Arco, Sterling, 

. ^^ocatello, Moreland, and Taber. (See Figure II-l) ^ . , 

Flood Threats / - 

• • ■ The United States Geologital Survey (USGS) has Conpleted three surveys 
to evaluate the effects of floods and dam failures on INEL facilities.. The*., 
objective in each was to calculate the route and volume of flood waves from 
Mackay Dam, in case of a failure,, or routes of 300-year snowmelt floods on the 
Big Lost River. (Floods are categorized by their- severity. A 300-year flood, 
therefore, is one so sev^e that the chance of its occurring is only once in 
a 300-year period.) See Figure I 1-2) 
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The flood. plain on t±ie INEL Site is very flat and ranges uo to five, 
miles wide, j^aciiities which may be threatened by severe flooding include 
the Radioactive Waste Management Complex, State Highway f 20, Central. Facilities. . 
Area, Test Reactor Area, Idaho Chanical Processinq Plant,, and the Navai Reactor . 
Facility. These range 49 to 62 miles f rem the dam site/ - . 

Stream flow in^the Big Lost River originates ;Ln mountains to the north > 
and west of the Site. Because;^of water storage at the J^^ckay Reservoir and 
redi^ced stream flow due to irrigation diversions and infiltration along the 
river, significant amounts of water in the Big Lost River within the. INEL ^ 
occur only when there is. an abnormally I'arge snow meltv. ■ , 

Flows on the river system' within the Site are separated at a diversion 
.d^, in the southwest comer of the Site. Four natural depressions are used ^ 
as "spreading aiieas" and the diverted yaters^are allowed to naturally infiltrate. 
Since, the flood control project was constructed in 1958, no \^feter has reached 
the fourth spreading area and only a small amount reached the.^ird area, in ^ 
1965.. . - " V 

The water whidh remains m the river channel is reduced by inf iit^U^ion. 
About 18 miles. beyond ,the diversion dam, the water enters an area of brsgiching 
channels and four playas if lat-f loored, uhdrained desert basins which become 
shallcw lakes) . Again, some water has reached the third playa and none has 
reached the fourth. 

Seismic Effects . -yj 

A two-yeat microseism study for the Eastern Snake ^River Plain area was 
completed in 1976. The study wasNprepared by the Health Services Laboratory 
at the INEL and the U. S. Geo loqiral .Survey office in Las Vegas, Nevada. 

Three .Stations at the. INEL and three, at Teton Dam were; operated' daily 
during the study (January, 197 4-December, 1976). in that tune, 8700 natural ; 
earthcTuakes were registered at the six stations, with none above 1.5 magnitude 
on the\eastem^ Snake River Plain and none near the Teton Dam reservoir. In 
that period, ^5o earthquakes were detected on the INEL. . ' . 

There has been no history of damage to buildings^ in '12he. area occupied 
by the INEL. The Hebgen Lake earthquake, August 17, 1959, vAiich measiared 7.1 
PD the I^chter scale, only resulted in the splashing of sate water"' f ran a 
reactor storage canal.; 0 ' ' ' 

Through 1969^, the eastern Snake River Plain was designated- a, zone 2 
seismic risk value, or moderate damage probabiJ^ity. In 1969; this was changed . 
to zone 3 -'major damage probability. There iJ currently discussion that may 
result in a return to the zone 2 r^ln]Cl^lq. (Earthquake zone rank'inqs are' v • '.^ 
assicmcd by the International Conference of Building Officials/');- ; . • ' V 
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Other. Studies have shown the '^potential for earthquakes, at the Itl^ 
focuses in. two areas. The .first, a scarp (line of cliffs caused by fracturing 
of the earth's crust) across f ran Howe, Idaho, is considered a site' of potent ia;i 
concern to th^ INEL. v Ihe second, a ^carp on the east side of the Big Lost' River 
Valley north of Arco, was identified f or . f urtl:fer study. Both faults, may have 
been active as recently as 4000 years ago, and a magnitude^ 7.1 qukke may have 
occurred at each location. Neithejr the Arco nor the Howe sca^ showed any 
activity during the 1974-76 study. - f 

The art of designiiig structures to TO..tfistand earthquakes has made .'o/> 
significant progres^ in. this century. This progress has been applied to the- 
planning for earthquake-proof power plants. Three large industrial and conven- 
tional power plants vftoich have been designed to witlistand and have been sii^- 
jected to large earthquakes, have experienced no major damages. There has. 
been little actlaal experience with earthquakes at nuclear power plants. ■ " ■ ^ . 
Those that have occurred (minor quakes ifTJapan, two; major quakes in California) 
have caused no damage. ^ 

Planning for nuclear power plants is required' to include provisions for 
siting and construction ^\/diich would miriiinize exposiire to active faults and 
damage*,, should tremors occur'. Vibration tests are conducted on indi vidual ^ 
corponents and entire reactor buildings have been tested, using mschanical : 
shakers. High e^losive charges have also been detonated nearby to sijnulate \ * 
the. effect of strong tremors. ... .. 

EXTERNAL EFFECTS OF NUCT.FIAR POWER 

- PLANTS ' . • 

Introduction ' • ^ ' . ^ . 

Under normal operatihg cofiditions, nuclear reactors have a potential 

for easing some of our -.dnvi^ problems. .'They' do not cause the air ^ 

pollution vfcLch is a problem with fossil- fueled plants. And, since so much 

less uranium than coal is needed :(65 tons of uranium ore vs. 2^,500,000 tons ' 

of coal for a 1000 plant annually)", there would be proportionately less*^ 

land damaged through strip mining; etc. The^sheer volume of waste material 

at the power plant site is much less, with coal waste running about 12% of the "^ 

total burned (12 tons of ash for every 100 tons burned) and nuclear at about,; 

• 004% (eight pounds per 100 tons of uranium ore mined) .. To be^'fair, uranium ore 

processing results in large amounts of waste. Generally, ihe ore is milled at 

05 near the mine site, with solid waste returned as part of the site, restora- 

tion process. The coal waste described above is produced at the site of 

i the power plant, rather than at the mine. 

The .majority pf thermal power plants (both fossil and nuclear) dis-^ 
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charge cx>ndenser cooling water directly into nearby waterways. . In many areas, , 
damage, has been done to streams and tidal basins. As new ecological 3tudi,es 
are cotpleted/. existing state, regional, and federal, standards will . prob^l^^^^^^ 
. become even more rigid. ^. . / " : / '^' i^; :^:X■^>;:l^' 

Lojtuted benefits of this waste heat may be in '"agriculture and' aqua-- ; 
culture, but extensive use is a long way. down the road, with much research 
still to tfe corpleted, ' ^ ^ 

• The iiriinediate environmental concern .yi/hich must be resolved if nuclear . 
-,^ergy is. to assume a greatei proportion of .the burden iii "this country, is 
the disposal of radioactive waste materials: The processes currently used 
are described later in this unit. v 

Radiological Release . _ ' 

Two kinds of biological effects exist- Somatic effects are those ex- 
perienced by the thin^ exposed to radiation. Genetic effects are those \\Mch 
* are passed on to succeeding generations. It is -assumed that the effects of 

radiation are proportional to the amount of exposure. There .is no evidence 
that low levels of radiation cause either effect, but it is also assumed that 
there is no "safe" level. Therefore, very strict regulations are in nlace 
for the operation of nuclear oower olants. 

Continuous studies of, the environment* are a condition placed on the 
utility when an operating license is issued. The kinds of controlted re- 
: . leases of gases and water which occur under normal operating conditions are 
tiny " fractions of the conservative limits set by the federal government. 
Some plant and animal species "reconcentr ate" radioactive materials in their 
systems without doing harm to themselves. Some shell fish and aguatic 
■ plants are such life forms. These are .used as, monitors. . "^'^^0^ ^" "' 
A legitimate area of concern for many scientists : is' the '^^ci^t^ 
. . effect. Many studies and experinents havQ been conducted and papers written 
about the effects of unusual doses of radiation. Sub;] ects have either been 
exposed during controlled experinents or as a Result of fallout f ran nuclear 
..^^^ weapons, tests, because the area around nuclear reactors siinply doesn't contain 
»/. excessive amounts- of radiation. ■ * / : - ■ 

Radiation Effects ■ ^ .. 
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Before describin(^ radiation effects, it is necessar^^ to define the' 
units being used. Radiation sources are measured in terms of a unit called ' : 
a.Rototgen, named after Wiihelm Roentgen, the discoveret^ of X-rays. It is 
based on the amount of energy in the form of ionized particles appearing in 
a cubic centuteter. of air under standard conditions, of pressure and tertperature. 



A difficulty arises vvhen applied to humans, .si^^Ge tjie energy absorbed by ''^ . 
human tissue is different than that absorbed by &i^ the same gaiana 
;: '(or X)' ray. The problem was solved by relating, the radiation 1 dosage'; txD the 
/ rv;;;^^ of biological danagfe.' The new unit is called a r(6ent;gen equivalent 
s/'. :'' 'rnan (rem) . • - ^ • - ' ~ ~ 

V-^;^, HumaQxEf fects - The principal route of external contamination- for the 

•i* general population wouid .be from radipactiye gases. The result, of large 
• . r^^amounts of such^;^pses can be death fron radiation poisoning or the possibility 
of leukemia or other, cancers:^, These diseases arise from other causes as well> .; 
of course, and are difficult to pin to specific causes. Other cancer agents? 
including food additive?^ -pesticides, ccanbustion emissions, etc., aire also- 
difficult to isolate.; ' 

• Lesser^ dosa,ges -resiilt in syirpj^cfftis- sych as nausea, vomiting, and lassi- 
tude fpr/seyera^ before ftill recovery. . • ; > 
The iTOst Jtaiked-about inciden^^^ is, 'of cd^irse'A 
Three Mile Island in March , 1979.; Stxjdles were, iinmediately undertaken to 

- ■ determine the effects (most£of the gases wero^'Contained).. It estimated' v.: 
- ■ ' . ■ ■■ .■ . • 

that any increase of cancer, if indeed there is any increase, will be -so 

small, as to "be impossible to detect from the number of cases vfeLch can be - 

expected anyway. The most serious health effect, according to the Kemsny . 

report,^ was mental stress. . ^ . : : ^ ' i. V . 

Table II-l, taken fron Nuclear Power Qui ck Reference (General Eiectaric'^^ 

Corporation, using material frcm' Background Information of Radiation by R. E. " 

Linneman, M. D. , April Ay 1979) lists sources of natural and man-made radiation 

■ • Table II-l , -W.., , ■ • r'' ' 

f ' Natural Background Radiation 

• Source ^ . Mllrem. Per Year ''l-- - 

Cosmic. Rays , • 35 

• Air ... ■ . _ ^ ' • ' 5 ' 

■ Building Materials * : ■ 34 : * 

• Food ■ - 25 
Ground 11 ^ 

Total: ; . 110 mrem ^ / 

\ . . . Man-made Radiation - 

^ Source;'" ; . ^' "? Dose Rate _ V 



Coast- to-Coast jet .flight 5 mrem/round trip 

Color television " ;' . . 2 mrert\/year/hour of viewing 

X-ray diagnosis ' . ^' . 50 mren\/exposure . * 

■ /Weapons fallout 4 mren/year 

/Living within a 50-mile, radius of a . 

. nuclear plant - . 02 mrem/y^ar « ^- -.^i^ :" 
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Table 1 1-2 ligts the effects of , ionizin on humans. 



•ac 

Table 11-2" 



Dosage « 
(in a few 
minutes*) 

200 rem 



500 rem 



1000 /rem 



Radiation Effect's on Huniaris ,V 



Effiects' 



nausea, vdiuting, 
diarrhea, irritable 
lassitude 

same symptoms -in 
more acute form - ■ 



fatal ^ta all • 



Resuit 



full recovery in 
1-2 weeks 



1/2 of those ^ ej^sed 
will die in- 3d-'40 . . 
days; oth^r' Half-fiiLl 
. recovery 'in several , 
months . ■ 

/larger -the dose, the^ 
sooner' the fatality 



• . / '*SajTiiiax; (^^ over . a . longeir^ peripd lsayi.;.,ch would produce .no,, 

.symptoms, :/'■■■■ ^7 ^ '^ ^ 

. Source; The National Council on Radiation Pxdtection .and ^leasuremerits V '7 , 



Federal standard?-' for workers at nuclear power plants limit dosage to/'S^rem.;. .' 
per: year/ .^aiid the geneial pi±>lic to. 0.17 tem per year. .The average e^oposure is- ".: 
less than 0.8 rem throughout the ^industry, anc^ 0.001 rem for individuals living 
near nuclear power plants; .,,.y ■''i^/'-:-^ ' ' 

Radiation standards are' based on 50 years of resear^h.^by the Intemaitional 

CcOTTussion of Radio logibai Protection and the NationaL^Cduncii on Radiation 

.Protection and ifeasurements. ' ' V 

- • : . ■ . v.: z^- 

■ .An estimate of your personal exposure to natural and -man-made radiations 

can-be calculated by use of Table Il-l. Table 11-3 is a form that _you can . . 

fill qut to make that calculation. Under '^Location, " Idaho .Falls residents add 

47. Add the appropriate number for the-. type of house you live in.' 'Add appropri-. 

ate amounts fot ]et-air travel, television vieiwing. X-ray diagnosis, and proximity 

to a nucleajT plant. By studying »the entries ^in Table ti-2, - yoii can determine what 



steps you might take to reduce your annual exposure ^ 



Table II-3 ^' ' . . " 

Human Effects Radiation 

■■ ' » 

How to >Es1njn^ Your Radiation Exposure. ' ; a > . ' ^ 

. Radiation .SourW • - " - j^uaj^ Ensure 

•Jxcation:- " Cosmic at Sea Level plus' \ . / • 35 mrtoi 

. 1 X each 100 ft.-'of ■ eiev. : ' ^ . - 

^ , . (Idaho Falls - -4700 feet) ' ' ..-V - ■ • 

Hbuse- Construction: Wood - 35, Cbncre^ - 50, 

Brick -, 75, ptone - 70 ~— .L-,-^^>..,„i,„_ ^ \ _ 



Ground: ^■ -U. S.^ Ave!rage~-"r~~~i — • — r — ^— — ' . n ^, -^'-i 



Water >^ Food and Air: U. S;/A\ferage~ ^--^ • — 25 

Jet Travel: Number of 6000 mile, flights (round trip, ^ 

coa^t to coast)' .x 4-r'' — — ~ — ^~ . ' " - 



Television Vaewlhg'::" Black and White K nurrtoer of hours 
• - . ■ ' . ; -per ■ day x ' 1 — r ~— r^--^ 



^" ■■ Color - number of hours^^5er. 
> • '::/■:,. ; day ;X 2 — -r-T- — ~ 



x-ray. diagnosis and tureai^^^ .V ' .^v-^y''.- . 

;/ /.,G3riest X-ray - himiber x 50-—- — ~- j.^: — ^ 

\ r . C^trointestinal .- number x.2000 ■ — 



Dental - number' -x 20- 



Sub-total:—r~---— ntrem 



Proximty:-to nuclear:;!pdwer plant;. . . 

At boundary -^/nuonnber of hours per. day x 0.2- 



One mile away - nurriber of hours per'diy x 0.02-^ — 
Five miles. away - number of hours per day x 0.002 — 
Over five miles r.None * ' ' ; - ' 



Tptal:—- --- — . .<= .. mrpn. 



(Soilrx^;Vy u^ States ^fihargyV Data Bc^ 1979 , The ^l^ctrical 
/ : • .and EleGTtxoniG liicl-)- , • ^''-'"J'^^y^ry * 
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Table 11-^4 lists\^the. life-shortening effect. of various fac±ors in human 
; experience. . - \ 



' , ; ,^ ; Table II-4 . \ . . 

Life-Shortening Effects of Various Favors in Human Experience- ^ 



"Factors Tending to ^Decrease 
~' Average Lifetime" ' ~ 

' Overweight by 25% . r ■> ,\ • 

Smoking 1 pack per day 

. ' Smoking ' 2 packs * per day ^, 

- City rather than cx)untry living ' "| 

) Actual radiation fron nuclear power 
plajits in 1970 

Estimate'' for year 2000 with 100-fold .■i;: 
•increase in nuclear.' power production ^ 

. -. ' . •• ■ • ^ ■ .' ■■ < ■■ . 



Decrease, of Average IjifetiJt>e . 

years 
7.0 years 
. ) / . 10. 0 years , 
""l*^ 5.0 years 



less , than 1 minute 



lesjs than 30 minutes 



Soiorce: Advisory Gbmnoission on the Biological- .Effects of Radiation, Naltional 
Research Council/ 1972. , . ' ; ' : " 



For those who might, be interested in the effects i:^^^e^treme doses of • 
radiation, there , are several Dublications' available .r [ > 

1. Some Effects of Ionizing Radiaition on Human 3eing's a'^tudy 
prepared: by the Naval Medical Research Institute, the U.:*S. 

.... . Naval Radiological Defense laboratory and Brookhaven National 
Laboratory. '' A repbrt. of work done" following e^^sure to fallout 
frcm a nuclear weapons test in the Pacific in* 1954. 

2. ' Lbng-Term Effects of Ionizing Radiations from External Sources - ^ 

a report prepared by a Subconmittee of- the Coffrmitte^ jon Pathologic 
. . Effects of Atomic Radiation of the Naitional Acaderw. of Sciences - . 
: National Research Council. . .."r' " ^ 

3. A stimmary of studies done, in. t^zo cases of extensive^ 'r,4di^^'on 
expostire due to fallout fron a- nucleair weap<^)ns test in' 19 is 
contained in Environmental Radaoactivity , by fl^^ . ♦ 



Health Effects on ^liners of Uranium Ore " \ , . . =* : 
^ ^ : : r- • — ■*>.. ' . : — ■ * ■ . 

Dur^g the early years- of the" nuclear .industry, only ^-.gfeneral .protection . 
recniironents were enforced. * In 1966^ 'however /.the Federal Tfetal and N6n- 
I^tallic inline Safety AcFVas pass'ed to limit exposure to. hazardous rhatetials. 
This- was further amended in 1971; including' better ^ventilation of mines. Alf . 
aspects Qf the. nuclear power industry results in thre^, cancer deathi perj^.yeair 
according to figures available from tihe National Iijstitute^ for (>::cupatioha^l.r, 
Safety and Health. .. v ^ . . \, . \ ■ ^ \ ■ ./-er 

. ' n ■ . ■ ■'■.■.r^.--, • - ■ . ' .■ 

Flora and Fauna Effects ■ ,\ • ■ ■ ' . V ,v.^ ' " ■ ' •'. 

studies have shown that controlled releases 6f radioactivity .h^v^obeen > 

. . • ■ ■ ■ ^ - ; ■ 

or. no ecological' significance. Less' cotplex organisms se^.. to. bei',mbre re-' . 
;sistant to . the effects of radiation. Deserts, tundra, anc|' grasslands seeifi 
to be most resistant to the effects of larger doses .of radiation, followed 
by deciduous foresrs, with coniferous forests most sensitive.,. This is true 
of aqu4tic life foritis,- as well.-. ^ ' \ ' ' ' ' 

In case of accidental releases of larg^:.amptin-& of ; radioactivity,^ damage 
to an agricultural area would be of tfie most c6nc^ifn;-;:beca\ase of entry into 
the food s^gxem. , / ' . ^. /. ' / \\ . '/ 

, 'In 1957, a' signif icant release of radioactivity .occurred at Windscale 
in ^gland.. ' Prcnpt reaction by authorities/ principally through the collec- 
tion of ccaitaminated milk before-'it reached the public,, allowed the I^fedical 
Research pDun to • say that . it was highly unlikely that anyone had been 
harmed^ (The 'Windscale facility accident^ occurred with an unshielded pro- 
•duction ^reactor - a condition v^ich does not exist, in cariDercial- f agilities.) 

The Yankee AtOTic nuclear , pcwer plant ' at Rowe>:5Massa^ obei'ated 
since 1961, With -no damge to flora .and fauna. Extensive tests have been 
dc^^'.and veterinarians in the : area have -been , oh the' alert, for any reaction in 
^-animals. ' «» . ■ • , * 

. Waste Disposal ^ ' . . ^ ' ./ ^ . • ' ' 

^' '\ Nuclear fuel is -aot a significant radiation hazard until it^has been 
used . in a reactor 'Currently,* fue^ rods are. stored at the reactor site af€er 
use. . Originall;^', reprocessing plants, were to separate Plutonium and 
uranium from , the spent fuel -rods, shipfoing the fi^ion products to waste de- 
positories and returning the uranium' to the-' refinery to be prepared for 
use again in fuel rods: ^^geprocessing plants planned to receive o:piginal^ 
shipments fr(OT utn.lities in 1983:. • > 
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■ •.■•-•.■/ ' ■ ■■ ■ ■•' ■ ■ ■ • ■ ■ 

•' Since the* lat^ 70's, however > reprocessing has not been considered an 
option in this country, and tlie utilities continue to store spent fuel- 
rods in.. water ba^fchs. at the reactor site. -Radioactive decay continues during 

J Several reasons, both "political and econonic, have contributed to the 

decision" not tp reprocess spent fuel rods,. The political reasons include 

fear of '•proli:^eration to non-nuclear countries, of the ability to inake 

nuclear Veapohs and the chance that terrorists may try to obtain the material 
' . ■ \ . . ■ ' *■ . 

..g^^ for blackmail or other reasons. The econonic reasons include an estimate, 

;;TDy the Nuclqfar Regulatory CciTOission, that the cost of building and operating 

jjJie reprocessing plants would be so high /^^t fuel cosfc savings . to power 

. #Vu^ers would be in the range of 1%. Of .^eourse, uranium is a finite substance, 

T^^^ahd as supplies of uranium become less ' available , the econonic need for 

• . • ■ ■ * ' " * • ■ * 

reprocessing will become greater. ^ 

• 1- ' • . ' . .' . .'' " . ■ , ' ' - 

■ Other solid waste materials (protective clothing, tools, equipnent, 

pipirig, etc.) are shipped to repositories. They are put into "plastic" . 

. i • " ■«.• • ' ■ 

sacks, then into /steel drums, then sealed -for shipment in steel containers 

viiich ^aye met rigid specifications. . / ' * - v 
Tests of these /containers have been devised to insure that no radiation 
. ■ could^escape if there were a truck ^pr train, accident during shipment. .Tests 

have included dropping the container 30 feet to a hard surface; exoosure . 
\: s to 1475° fire for 30/mihutes; total immersion for at least 8 hours; and, atop ^ 
""^a railroad flatcar, rairming rnfco a concrete wall at SO moh. 
- ' . The;^e have been ho injuries or deaths due to the radioactive materials 
being transported, l^iere have been soma driver injuries or deaths in 
£^ accidents involving trucks carrying nuclear materials, but there was no re- 
lease of contaminated materials in these case^" \.. - 

Any damage \^*iich might occur during, shipient is covered under the pro- ^ 
visions of the.. I^ice-Anderson Act . ■ ' r • 

^ The fixation ^of ¥ission Hf-^roducts in^'a pjrex-type glass has been 
" known for ten years^" but re?:ent research has ;hown that at terrperatures 

. ■ » ' ■"' ' ... ill ■ ■ • 

• above 300 C some fission products escape. Current research is. under way to 
. develop < crystalline mineral forms that haye gecmetric structures carpatable 
^ .* with the crystal structure of the fission products themselves.^Hln that way,'' 
" the fission products-^ and the ho^t matrix::,%ill be more firmly bonded and 
' tffe^*escape likelihood rfeduced,' or it is hoped that escane will be eliitdna^ted. 
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The use of glass-sealed fission prcxiucts for ldv^?-potential space 
heating, as indicated in the section on Fission Products in the Technology 
Unit, would tend to keep the tarperature of such units well belcw the 



300° C level"; 



EFFECTS OF POWEIfe PLANTS 



IN GENERAL. 



Introduction 



: With a biirgeoning population ancj increasing, industrialization, the 
world's decisions about energy production are. becoming more and more 
critical.. An imporrant but little lohdqr stood facet of energy produc- 
tion IS Its effect on the world's climate and environment. This material 
'Will consider scms problems v^ch, occur with other energy sources, as " : 
well as the iirpact of nuclear power plants on tlje enviitonment. The sub^ 
ject is so vast that no workshop format can adequately cover the material. 
We hope the workshop -j^articipant: will gain a 'Realization that there are 
no sinple answers to the energy dilemma. • / / 

Fossil Fuels • ^ * ■ ' 

Over 97% of the industrialized world's energy demand is satisfied 
. by the burning, of . fossil fuels. It has been estimated that, even with 
conversion to alternate sources, use of fossil fuels will doi±)le by the- 
year 2000. 

Fossil fuels emit sulfur dioxide and oxides of nitrogen v^toch are ; - . 
carried ^ the air for 1-4 days, drifting 150-1000 miles. Eventual ly>V, the ■ 
pollutants fall tq earth again as acid rain. 

Acid.. rain, pollutes water and reduces fish capacity to .reproduce, 

resulting in smaller and older "populations which finally, disappear. . Hion-^ ' • 

dreds of lakes m the Adirondacks are no longer able to su3tain' trout 

populatic»:is . ...... 

" ■■ . ■ ■ , • . ■ ; i ■ '■ 

In human habitats, effects of acid rain are observable. Two to^ni 
'" . ■ ' ■ . * . «i ■. ■ . ' • . • ■ ■ 

'Water systems near the Adirondacks have lead • levels 5 times the EPA maxi- 
mum, because, acid rain water, leaches lead from the solder of municipal water 
pipes, ' ■ . * ^ 

Scrubbers could- elinninate as much as 97% of the offending material. . 
Estimates have' been made that, even if industry were to begin a program , . . 
'tomorrow o£. seripusly addressing .the problem, it would take 15 years tcl re- 
.^duce the pollution: to present levels, because pollution by ..coal is in- 
creasing more rapidly than scrubbers can be installed, .i 



For inany scientists, the increased amounts of carbon dioxide iii the 
atmosphere is a greater concern. Simply put, carbon dioxide slows down- 
the radiation of heat frcm the earth's surface into space. This has ". 
became popularly known as. the "greenhouse effectf. " Warming of the atmosphere 
could result in shifts- of agricultural zones, less sea ice, a. higher sea 
• level, shifts of marine ecosystems, and a flux of carbon dioxide from the 
ocean to the atmosphere (thus aggravating the situation)." 

Radioactive Release - Coal 

Coal contains materials such as potassium, . thorium, and uranium, v^iich 
are radioactive. .AlOOO^mW (mega Watt*; million Watts) coal-fired plant, 
burning 10,000 tons of coal per day, releases about 100 lbs. of radioactive • 
material per day. While most of this is contained in unbumed particulates.* 
and ash, seme is released as gas into the atmosphere. The result is that 
many coal-fired plants release more radioactivity than nuclear plants. 
These amounts are still below proscribed radiation levels and no enyiron- 
. mental damage has been detected. Oorrently, no efforts are being made to 
control such releases. 

Synthetic Fuels 

Synthetic -fuel research has increased greatly in the last few years. 
Techniques include coal gasification* and coal liquification,* 

The most serious problem for large scale conversion of coal to synthetic 
r fuels is t±ie need for water, both for cooling and as a raw material. This 
is intensified because most of the: coal to be us;ed is located in dry western 
states . . * 

' Since the agriculture -of this region -requires water for irrigation and , ' 
soi^e of the fastest growing cities in the country are also in this- area,, 
the conpetition for water is already severe. A new ccnipetitor, in the form ^ 
q^^ new energy industries, will clash with- these other water 'users. The ^ 
'Political ajnd econcanic consequences are obvious.. 

An exaitple of the political consequences which may be expected occurred 
^ in January, 1980, viien Senator Church of Idaho introduced legislation to 
stop the' EPA from studying the possibilit^|of diverting, water from the . 
/ itorthwest to the Southwest. ^ , ^s" ■ ' , r: 

^. Large amounts of solid wa'^te would rapkin, vdiich may be returned to the 
mining site, and there would/'^; significant air pdUut^^^ requiring scirubbers 
for particulates.;and SO2. Another significant problem, environmentally and 
•econcmically, is the lack of wafier m. the western states to reclaiiti the land 
after 'strip, mining. 

.''■..■.■■;47- ■' ' 



Solar 

Huge amounts of land would be required' for large scale generation of 
electricity from the sun. Estimates of the land needed to generate the 
amount of electricity , . to be produced by existing , and proposed nuclear power 
plants in the yeare^2000> are for an area the size, of West Virginia. Of 
course, part of the solution v/puld be to use the tops of buildings, but 
large land areas will still be required. * . 

Collecting panels .will affect surface absorption and evaporation, 
tenperature and wind pattern; vdiether that influence will be beneficial 
or harmful is an xjinknawn. - Another unknown is the cost to the environ- 
ment of production of \ silicon in' the amounts needed. 

' Other environmental' problems to be solved include the effects of silicate 
particles, ,sulfur and arsenic on the atmosphere. If heat transfer solar" • 
lonits are used, miles of tubings, containing freon, liquid metal,, ethylene 
glycol, or other medim will be needed. The danger of a spill must be 
reckoned with. 

Note Added in Proof: 

A recent publication of the Electric Power Research Institute (EPRI 
Joiimal for June, 1980, P. O. Box 10412,' Palo Alto,. California, 94303) 
ODntains an i:pdated, account of happened at Three Mile Island. To 
quote frj^Ti.th^Lt' article, 

"There is. a pressing need. , .to i:pdate earlier accounts that were often 
spotty, inaccurate, or incorrplete.'. In this issue, the EPRE Journal takes 
a corprehensiye. look at the accident, ..." - • 

It. is strongly reccittnended that a . copy of this p\±)lication be placed 
in every public library, to the end that ^.the public might avail themselves 
of a factual account of that incident. ■ 
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CITIZEN EDUCATION on NU< 
. TECHNOLOGY 

HI - SOCIOLOGICAi; UNIT 



"...adventurous souls, with a high - 

tolerance for ambxgiiity. . . " 

V . • Malcolm S. Knowles . . , 

The riodern Practice of Mult Education . , 

. . . - • .. • 

INTKDDUCTION • 'l::^.. ^ . ' ■ / ■ • • 

• The Sociological Unit considers four ast)e'cts of - the iirpact of nuclear 
power on a cannunity. 

. Ccmnunity attitudes are approached by means of questionnaires and- the 
att^darit^ Cortnunjuty preparedness deils with the ability of the 

dornmunity'fe handle demographic -changes resulting fr(M ^e 'Construction and 
operation of a nuclear power plant. ' The* disaster aspect of preparedness is 
integrated with the local Civil Defense agency. A canrnunity educatiion pro- 
griirn is described for use of workshop participants./- Camiunity use of energy 
analyzes the result of replacing fossil fuels with nuclear eriefcgy in the.genera- 
Xxqsx/o^^^ '. ' ' ' 

. ' CQJ^OSIITY ATTITUDES ' 

Public attitudes are formed by a variety of forces: ' early : training ^ • . ; ! 
and upbringing, peer pressures, public and private. educational, exposures,. 
peirsonal involvement, and a vast array of sources loiowh'/.aDllect^ as the : • / 
"mass inedia." Thias, it is of interest to discover not siitply vtet the ;atti- ■ 
tudes are, but in addition, the origin of those attitiides. ' Sirice the participants 
of this workshop cannot ii>e expected to have either the time or the inclination . 
to 'conduct an adequate conmionity-wide survey ,■ the question of attitudes' will 
be confined to the workshop members. ■ ' Questionnaires designed to assess^ their 
current opinions will be losed. 

Procedures ' | ^ 

The (kirrent attitudes of the workshop participants are asfe^sfeed by means 
of questionnaires. One is to be filled out at the beginning of the course, 
and another at its cortpletion. The. results then serve the dual-purpose of 
assessing the attitudes of the participants and of evaluating the effectiveness 
'of the course material. The initial questionnaire is given in Appendix S-1. 



You will find a number on the inside" of the cover of vour text. This 

.number is to be used vrfieri answering the questions on both pre- and post- 
questionnaires* This procedure has been adopted to permit a pre- and post- 
evaluation of attitudes while keening the identity of the respondents 
anonymous. , j' 

Decisiori^-ydbricerning the development p£' alternative energy sources 

• involve an evaluation . of the relative ri^s'. The role of risk in such de- 
cisions/is therefore of- interest as one f aq^^r contributiilg to the formation . 

. df'; cornmunity attitudes. .-.The RisTc Game has^^lieen devised to evaluate this 
factor. The game will be conducted bv the instructor . (See Appendix S-2) - 
. Cg/irUNITY PREPAREDNESS 

Social Readiness, refers to the ability of a canrTunity to ^pe with 
Situations resxiltin^'-frjt^^^ and/or;, sudden- changes in population; avail- 

. ability and distribution- pfr ad^equacy of schools , demands on . enter- 

■'tainment 'and recreatiohal faci^^ control, alteration in traffic . 

patterns/: and -"changes in . cxaltiiiral' p^^ areas have their ' :. . 

attendant^fisdal effects; housing shortages, bu^-up'^ r^^ need for - ■'' • 

additionalVprirne control ^^£acilities .and -ti^ facilities ' requires. V 

the spending' of, additional public- fui^ ■ ^ / 

All these problems are aqgraS/sAi^ij^ scale involved.^ During ■ 

construc±ion,: oAe .can. expect an influx of ■ Popiii The inflated popula- 

'tion might/l^t .as long •as..five to-, ten years. Uith full ooeration, the. laboir 
needs. ^OD and populati<i)n; drons, ^^]^^ to the original level. The magnitude 

■and duration of these :phkh(^^ to be anticinated and provision made to 

minimize the resulting social '^^^ ■ ; ■ 

. Construction of a Nuclear Facility and Its Impact on the Cannunity . ^ ^ 
, -. ^ In the case of Idaho Falls and the surrounding area, judgements of . 
ijTcr.^act -cire difficult to mcike. Because the Idaho National Engineering 
Laboratory/ has been in place for so long, ,and because expansion and new 
programs are occurring on a continuing basis,, the sociological impact has 
become . constant. ' , . 

Certainly, numbers are available. Approximately 10>000 people are 
directly employed by the Department of, Energy and its contractors. I^lultiply 

. this by family size and it is easy to see that significant rxDrtions of Idaho 
Palls and "svirroiondijig tov/ns, <ire. here because of the site. . . • ■ " 



The effects t±is large group of people have had on the area have 
been mixed, though generally regarded as f avorable by the coamriDiity, Em- 
ployees and their far&lies' have been active in such areas'^as education, civic 
'cLf fairs, cultural programs, etc. They have also been the source of much of 
the growth in housing and carmerce in the area'' with all that means, to the 
beholder. > ^ ' . . 

' "They have not resulted' in the boom town ' syndrome ,. because of. the con- 
stancy of the Site programs . This makes the . Idaho Falls circumstance very 
different from that of a town constructing a comtrfercial nuclear power plant. 

Energy Boom Towns ■ ■ ■ '\ v.v- : \ ' ^ 

Ih.^1976, John Gilrrore, of the ''University o£ Denver^,, conducted a study -v-v 
. of the -airpaicrt of ener(^ resourter vd^velppim on Western* towns .--^^ -VW •.. • 

• towns '^e unique because bf the distances which separate concentrations of 
poDulat-iori. These distances force 'a town to. rely on its own resources dur- j^:;. 
ing a boom period. ■ . ' . . ■/ 

Hiis. study considered primarily ' those, towns which would experience 
■ a' rapid surge in population, but which would retain that increased popula- 
tion for a long period of time. For exanple, a town could b^'^the source of. 
a large-scale coal mining operation and a 1000 .mW coal-fired generating 
plant. In the case of a nuclear plant, thp increase in population is generally 
only diirin<^ the /construction period (a miniiroom of 10 years),- In some ways, 
this " long- term-but- tenporary" may even aggravate the problems found in the 
. Gilincsre study,, ■ - ■ . ^ 

He found .that bpon towns experience breakdowns in tha labor market, 
. housing, financing' of public facilities; that •^education and health services 
and housing lagged far behind the demand. Mental hea$th clinic caseloads 
increased, partiolLarly due to problems of trail^p-bound wives of newr^? _ 
arrived workers. Within the established popula^pEi, there are also problems, 
including a tripling of th^ high schooL drop-out rate and increased enplqyee 
turnover rate in existing industry. • . 

Gilrrore^identif ied four phases of attitude among local elected of fieials 
and much of .the public. In the beginning, enthusiasm - as they anticipate- ' 
the econdmlc growth in their cormt^ uncertainty ^ - as they consider 

the demands that will be made on existing public services; then, near, panic 
as they realize the gap between prospective revenues and prospective expehdi- 
tiires; finally, problem solving . The more' information about the problems and 
, % changes to be expected, and the earlier -that informatibn is available, the 
Q ' ' 'soonier the last phase occurs . ■ . .' 
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Many^ people wi'lr' be interested -in the decisions the town rnakes, - ^^^^^ 
including industry, land speculators/ the media, consultants, researchers, .; 
and. state' and federal 'agencies. Beg?Sus^ of the tenporary natxire of tiie " ■> 
construction phase, • private investi^i^ij^ , be reluctant ; to invest' in housing-,. 



oomie^cial biiildings, etc." For .the'^^s^'.-reasoh, /local goyemnent may be 



unwilling to, finance schools, roads; ''a^ public facilities 

The town officials c5id the ■'ti:esic^^^''npst be willing to. deal with . 
the prolplems and control the response^ .if\ they are . Ic b^ 

identified ^ number, of tools which- the -o^^ 

I • » . ' '. ' ■■■ ■' . ' ' • • ^ . ' V,-' ' ' . V ■ ' ■ ■ ^ 

. ' Holding down b^sic investment ^through legislarive'coatrol 
. ' of plant sites ^ ' . • • • :4s-;. ■ ■■■ "/^ • 



. :' *^ '2 . Requ^irement . of off-site investment by - incoming industry 
* ■ to aseiire provision of basic/ services ' .\ ^ . 

^ .,3. Subsidies to coninunxties, just as 'the industry may. 'be 

. [ -.subsidized ■ ■ . ' 

# • ' . ■ ' ' '■ - ' . . i 

>. : ^ A.' Zoning ' ; , ^ i 

; , 5. - Use c)f federal lands, for terrporary housing ■ - 

7^ . ; ■ *6. Preference in hirjing to area residents, including i training 

^ ' and retraining, programs , • ..r 

' 7. Early identification of . communitiy priorities in terms of 
housing, health services > road ^d street maintenance, 
sanitation services, schools and shopping .- [ 

• i> • > ' ■ ■ ' ■ _ ■ . 

Govemirent Programs 

^ , A program, to. assist energy boom towns through the Economic Developrnent 
Administration was proposed but never enacted. There la a Farm Pro-, 
gram for coal mining/power generation iirpacts ■ / 

Conclusion ^ '^ o ; . , 

' . Any town facing the problems of rapid growth must realize the iin- 
portance. of recognizing and^ dealing with -those problems early. Working 
with. the meaning industry, setting priorities and making decisions openly 
can cushion the irtpacts.; The roles of elected officials, the media, 

and the' general public are all uiportant. " 

The principle irrpact of the operating •nucle.ar power planr is m the 
area of. local governinent ^finance, since the, facility picks up. large shares . 
of a localities tax burden. (See Economic Unij:-- Tax structure.) . 
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... DISASTER. READINESS 

■ , •• ' 

The State of readine^:af a coi^^ in the event of a catas^ophic:r 
occurrence is pharg^/to the local Civxl- Defense Director. This officer * , 
is responsible, und^ Federal- Law, for the preparation of plans, traindLng " 
of personnel, conduct of ^drills, and coordination of kcti\?iLties in the' ^ 
event of a disas^ter. The local Civil Defense Director is, a -county of ficial 
and his activities are - coordinated by a State Civil Defense Coordinator . 

The' format of a civil defense plan is specif ied by the Federal -Civil 
Defense Guide and consists, of a basic plan and a series of annexes that; ;■ v 
apply to a variety of eventualities: fire, flood, civil cdanmotion, etc. ^^^^ 
Generalized categories, contained in the basic plan' are: 

. 1- '. Authority - t'}: 

Ix. 'Situation and. Assurrptions . . / 

..^ .•: . , . IITV Purpose 

■ ' ■ .^.^ IV. Policy . • / ■ ' ^ ; 

- } . V. .Organization and Responsibilities ^ ' 

■ ■ • . VI. Operations^ ^ ' 

' . VII. Direction and Control ; 

VIII. Comnnunications ' . . ' 

^In addition to- these generalized categories, each local, plan, contains 
a list of specific individuals with their assigned function and with ■ \ 

addresses and telephone nurribers where they can be reached in an emergency. 
The plan must, therefore, be continually up-dated to account for personnel 
changes. ■ . \' 

A summary of the content of each of the categories in. the basic plan 
is given in i^jpendix S-3. A reccmnnended addendum to' the^ basic plan for 
handling a nuclear incident from whatever source is. included. A conspicuous 
feature of this addition is the creation of a Radiological Defense Officer; 
with broad authority and. responsibilities in the matter of radiation detection 
and control. 

■ COr^OSIITY EDUCATION . . ; ' 
A survey of a randomly selected group of Idaho Falls residents, to-* , 

'-gether with a survey of high school students and a spot ch^ck of parts of : 
Idaho and elsewhere, indicate that the .general public is^ not adequately in- 
formed on nuclear energy.. 



Furi±ie2i1iore,- a majority of the respondents agreed that their, iJiforTTia'€lon 
was incortplete • A s\mnary of the surj/ey reaults is given in. i^pendix S-4/ ' 
Only ■ tlirough 'a prpglram of Clairriimity Education can this feonditiori be coirrected, 

/ The CENT workshops . axe one means ' for providing people with inforniation 
essential to intelligent decisions in^ nucleai:^ energy matters. Unfortunately, 
practical copsiderations limit :the number of people that can be reached by 
this method./' It is ' irtportaht , therefore, that the f irst.^^ tune this program is... 
presented in • a cqnpunity,, the workshop particgipants be ^elected froi^i among the 
most influential citizens' - mayors, councilinen, news media personnel, schooL , 
teachers^and administrators , and prtmLh^t-.businessmen. These people,- 'be- • r 
cause of their positi,on:j^ in the corraunlty, have excellent opportunities for 
•passing on the';inforitation acquired, in the course of this pirogr am.- 

. The material/contained in' ttiis curricalum was -presented" in a pilot 
workshop. Five tWb^ to- three hour sessions were conducted on five successive"" 
Thursdays over- a five-week^ period. This procedure- is cimibersaiie, however, and 
does not reach a large audience. - It is recoriTiended, therefore, that in- ■ 
structors' of such a five-session 'program use this material to produce one-hour 
programs for ..presentation to service clubs, school^ assemblies, cfivil defense ■ 
meetings, and similar civil groups. Appendix S-5 lists ' alternative formats^'.;. : • 
for presenting this -material in different situations. Two five-session formats 
are. shown - one as; described above, and a second for a one-^eek short-course ' 
■ type, . such as might be used in a college or university summeP course setting. 
The third format lists highlights from the student's text that might be used .• 
in a one-hour presdntation.. 



CX^MmCTY- USE C3F'' ENERGY^ ' ' ^ 



. < The effect ''of the. interisive develppnneht souirdea of .eaer^ 

on tlie"ecx>nca[t)y i3. directly the result, pf ':pe€aaliar nature of ^^1^ 



SQurce. A recent stuc^ of the nature* of . 'alternative energy sources . - \, 
classified them according to energy-densities .and mobility. Sh^ i^es of " ' 
non-human sources* of energy 'jnay be classified as. follows: ^food' -^roduc- * 
tion, transportation of materials and personnel,? shelter (housing.; heat, 

and light) > and recreational.' IJie application of huclear energy to -these uses, , 

— . ■ ^ •■ ''v ^' ""^ ■ • ' .. . . , ■ * • , - • ; 

then, is conditioned by the fact . that it is a high-qlensity, iirimobile source. 

■ ^ • ' : ■ r ■ '. ■ - ' . ' . . ^ >^ • . • • . ■ 
The application of nuclear energy, to all of 7the above uses is ^ the • , 

result of the fact that it is used solely to produce/ electricity. \lt) cannot - ^ 

grow anything; it does .not directly induce chemical reaccions; *it cannot, ■ *^ 

except -^Qirough the agency, of 'electricity, transport, anything from place to 

pl^^r^and it cannpt'^iiild/3 house, "again, exdbpt. -Qirough the agency Of . '-^ 

electricity. Thus^ithg irrpaQt ' pl nuclear 'energy must fae considered in^ this 

"context.- * ,• " • ■ -y"* . - ' ■•■ ■ • ■ ^ ^ ^'jf ^ 

Alternative Sotgrces ' v ; . ' . . . ; ' . \ ; . . : ^ • - 

V Th)§"'large-rscale tise of nuclear :enercp/^ for the generation ^f electricity ; ^ 

releases other->^urces . f or alterhative uses. It is wasteful to use oil and , 

gas for generating electricity and space heating- . These ^HoiiLd, be useS for 

other applications for vd:ijcb. electricity will not,.s6rve.. For exariple,. 

-plastics, pesticides*, . synthetic fabrics*,, pharmaceuticals ^ recreational - ; 

. items, kid buildii}g iraterials use^oi]^ should- ,.V^ 

;not -be^burtied for fuel ' ' . \j ^ ■ ' ' ■ • " 

/ "It has been estijTiated\ that 2.5% of all electricity generated in' ? . > , 

the Unitec^ ^States f rem fossil fuels, was used by agriculture. In . 1970,. only • *. 

■ V- ■ - 1- _ ■ .' ^ ■■ (.^). 

0. 3%'^of 'the total energy ' used by trari'sportaticai-wa§' supplied by (?lecrt±ici1^ . : , 

V- ' . ■ ■ ■ ■ V ■ • " : \- ■ • sj-. .. 

Thg figures for thesp, plus residential^ •coimierqial, a^ • 

>> ■ / *: , 

shown in Table III-l.- The same reference, ixsts coal, oid,. ^d ^as as the^ . 
alternatives to electricity as eherg^' sources in these ar^as, ' " ' , > . 

■ ••■ r ■• ■> . * ■ -. . ■• • , • . ■■, ■. 

; -.^ ' : .^ TABLS III-l ■ • ' ' ' - '• ; '4^- 

■ . , Applications of ^Electricity ' '■ ' 

^Agricultl^ - ^ V- • .\ ' ' ' 2 ' 1 

Transportation . \ ■ , . . * *«rO. 3% of Trani^iportation Energ^'.(l970) 

•Residential ' / ; 28,2% of Residential Erierg^^ 

Cfcmrercial , . . • » . ' ^ 29Vi% of Cdmmorc^al'^ Energy ; . ' . 

Indi^triar . . ^ ■ > ' ^ ^ . 2^. 3% of Irdi^strial' Ertergy. US^^ J 



. . • ^ \ ■ ^ •, . ' :. ■ 

. AgricujttTiire Uses" / ^, . 

^ ■ — ■■ : - (4) • • ■ ^ /■ ■• • • ''m' • -r - 

. . .. . It has-been estimated' ^that about 16.5% of the totarenergv cori- - . 

sunptipn in States drS..used in; -food production. This 16 ,5% was'" ■ , 

attribute<^ tp ircfeucrbio^ 

; prbductioh includes i^borv mdiiJiery /-fertilizers, pesticides; anci^uei. 

• ' Of the;, total, energy input, direct eiectratitv us constitutes about '5% : 

,^ @f 'the £ota^. CertainiV, thei:e is a hidden electricity "usafe in ^the ^ • 

produ9ti;on of fertilizers, and-pe^^cidg^ 'aii^ ; ^. 

.;^agficulture 'is concern however/ itr makes litti.e cliffdirence how. th^' 

, electricity is. generated, mles^; of :c<^ui^e, '%he means for that generation / . 

1^' depleted. This is the inportancfe of nuclear pcN^rr the . 

. nuclear ppwer can assure the apntiriued supgly so necessary to an assiir^ food 

■■ supply.;.'. ' , :■ . ^^''^^ . 

. % - ••. m-, ' • .. ■ ' ' . . ■ ' . ■ . . • • V. ■■ .-^ 

.v? Transpoirtation Uses . ' -.^s'V^ ■ .. ^' ' ■ . . . . .. " 

The alternative^ to. electricity fo^^ the fossil "^uels." 

. Nuclear energy i| of little value iecaus?^ pfSltts ij^ for the foi^" . 

seeable future ,^ that^i^is . A t^cl^iiology is known ; ' ^ut not ccffnmer cially de- . .. 
velopedy wherefcy 'hydroge^^^ is prcdui^ by the electrqlysis of water . ' Ifydro- ' ^^^^ . 

gen is then stored, in infetal hydrides' and withdi&m as needed in .an internal : 

. ■■' ■ . ■ - ■ ■ \^'> ; ' . ■ ' ■. ^- • • • • 

ccaribustion engine, (like in autorobiles) for -mobile uses. . ^•'>\-',. ■ ' . 

■ -.^ ■ ' ■ : ■ ■■ ■ ■ • ^' 

■ • • • ■ • ■ ■ • • ^ ■ .I'. - ■ ■ ■ 

Other Uses . • ' .,V'' ' .■-^''[i ■■ . ' ---v-' *■ 

'"Similar comeni^ can be made fSr the other uses of electricity: resi- • \ 
deJitial, ..cqnmerciaL, and mdniistrial. Althou^r direct use ranges :^;between . \ 
V. 25% -and 30%/ there are hidden uses 'in sane "of the ccarponents of these items." . 

^Conclusions _ ' ■ . . . / ^: ■ --v. ' 

^ ' ThQ above analysis errphasizes the fact that the generation of electricity 

by whatever iffeans is. crucial to t^ econony; so crucial, in fact, ' 

that electe^i city has 'CGme^ to be regarded by many as- ah energy source, whereas 
jLh f^Pt .& is bnl^ % convenient means for moving energy from one place to 
•anot^lj^j? - fron t^ place the energy is found to the place v^iere it is to be > 

. . used, pneape^^ays e?^ for transportiJig energy, but; they lack the eon^ . 

yenlence of electricity. It is possible that the greater convenience may be \: . 
worth the difference in cost, "but that is a subjective judgement nqt reddily i:^- : 

; su^ 



Thus, tile iise of nuclear energy to' produce electricity affects prdjiarily ' 
tHb'Ot^r sources, namely the fossil fuels, oil/ gas; and coaL, Ihe Energy 



, Tax AdW^of -1978 ^^^ encourages the replacfennent of oil and gas • b^, co^l in • 
;;electrka:.ty*generati5>g plants. These shifts in the kind of usage of these ^ 
sources t^d/or%ieir replacement by nuclear ejiergy can have profound effects 



; On the- nature and areal distribution bf the job market. ■ For exair^c)4.e, the 
e3i^iTe case of the entire replacor^ent. of the gasoline engine' by a hydrogen 

0ogij)e as suggested abQv6, would corpletely disimpt the whole oil refining? 

• .^id niarketing system. Such, an eventuality j^s 'not ver^ likely at prfe^nt. 
but it suggests a possibility that, might be c®nsidered.' The social disrup- 
ti^n that ittLght result is difficult to. imagine. , 
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■. APPENDIX S-1- ■ . * 

. Citizen Education on Nuclear Technology (CENT ) 

This questionnaire is not a test. Its purpose is to evaluate the opinion 
cliinate regardless of how those opinions may have been fonred. The goal 

not only to find out what those opinions are/ but also to find out the 
source of the infonration that formed, the basis for those opinions. The 
subS'ect-^.matter of this course then will provide factual information derived- 

from authoritative sources. 

' • ■ ■ . . . ■ ' , . • -• .« 



' . . Age Bracket ' Educational Level 

■ ^C&ider 20 ^ G rade School 

2 0 - 40 . ? .^ P. . > ■ ~H igh School 

rrA O - 60^- . . C ollege or University 

^ o ver 60 ; . _Post Graduate ■ 

1/. Do you believe I the osnstruction of nuclear power plants should be: 

a. abandoned ■ r,-,-.' . • 

b. ,:continued at the present? rate ' 

c. continued m preference to fossil-fueled plants 

d. , continued only if fossil-fueled plants or other alternative 

; ener<^ sources prove inadeqioate to the country's needs ^ 

2. " po yoTO: believe nuclei power plants, to be: 

a. unsafe in every resjJSct| ■ ^ > 

b. as safe as most industries . . ^^^ - 

c. ccKpletely safe in every respect ^ r 

. d. a dangerous device that can be operated safely by proper 
, V managenoit and traihing of personn^ , . ' " • . 

3. -* 150 yofi believe that further research to inprove nuclear power safety and . 

.efficiency 'should be: 

^ - - a, .abandoned . . . ■ - / . 

b. continued but at a reduced rate " 

' c^. continued at the present rate ..." 

'd. continued cib a faster rate ' . 

» ■ - ■ "■ ' o ■ " ■ " . ' ■ • ■ ■ - ' ■ ' 

4. Under what' conditions would y6u acc^t enployment in a nuclear power-plant 

.a. under no ^conditions whal^cever. . , . 

b. only if the salary and; frj^ige benefits were several times greater 
- ., ^ than elsewhere . • \ 

c. only if no other work were available • . 

d. if the salary and^ benefits were eqiaal and it were convenient as 
.canpared with other sources ot enployment 



5. Do you believe 'the continued ob^struction and research on nuclear power 
plants to be: . ; 

a. disastrous to^the environment, the econor^, and the overall welfare. , 
, of the public . \ 

' b. no thrteat to the environment and necessary to the eoonony . and ^ 
welfare of the public . 

c. detriinental to the environn^t but necessary to the .national 'econory 

d. beneficial to the national welfare far in excess of the risks involved 

■. ■ ' .... • ' ■ . '. o ' . • 

6. Do you believe the question of nuclear waste^.disposal to be: 

a. a cqnpletely unsolvable problem • . .1 - / . 

. b, solved technically, but used as a political football • 

c. not yet solved, but technically solvable 

d. solvable, but solutions harrpered by political considerations 

'7. . Tf a nuclear power plant were being built or planned for your^corinunity, 
would you: ' ■ ^ 

a. move to anotlier^ area iitrnediately 

b. like to move, but eooncmically restrained ' ■ 

c. move if convenient: to. do so ^ ' 

d. never give it a second thought ' ^ 

8. .Which energy alteinatives do you believe should be developed* most 
intensively: . 

a. fossil fuels (coal, oil, gas) 

b. solar, wind and related sources 

c. 'Jiydroelectric 

d. nuclear \ . 

e. all of the above 

f. none of the above 

9. - As regards nuclear. power plants jcurreritly m operation, do you believe: 

. ' •• . . ■ . ' ■ . ■ " , ■ 

a, they should be' ;shut down and all facilities dismantled and all 
*salyagable equipment disposed of . 
' b. ■ they sho\iLd all be shut down tenporarily until safer operating . 
procedures are developed . : '. 

c. they should be 'allowed to continue operation, but better safegioards; 
should" be instituted and operator corrpetence upgraded 



' ■ d. they should be allowed to continue operating as before 

■■■ ' . • ■ ■■• V . ^ .\ ^^Z^ . . ■ ' V:^.V ■ :^ ■■ ' 

10. 'What source of nuclear energy information do you consider to be the most 
. accurate:; v |&' " . ' - ^ ■ ■ 

a. .;■•news..me3i^^pm^7spapers, magazines, radio > TV) .c, ' - '■' .' ^ 

b. goverpment^ reports •• 
- c. ..consumer organizations - Nader, Sierra Club, etc. 

d. industry . spokesman ■ , ^ ' ' , 

■■".'e. none,, of the above . • • . 

f . . all of the above . ■ ■ 



EKLC 



61 



With respect to nuclear power, which situation do yo^. t)elieve is the 
current one: 

a. the. information exists, but is not available to the public in 
understandable form 

b. the infprrTHtion currently available to the public is all it needs 
■to. know 

• ■c. t±ie information is available, but some is\ being/has been purposely 

withheld ^ 

• •"d". the general- public doesn't much care 

With respect to the current energy situation, , do you believe that: 

fc " ■ • ■ ' 

a. the energy situation is critical " . 

b, the energy situation' is serious, but not critical 

c. the energy situation is somewhat serious ^ 

d, . . the energy situation is not serious 

. Vlhat IS iare) your stSurce [s) of information on nuclear enfergy: 
(mc'irk as apply) ~ ^ . 

a. newspapers and/ or news^ magazines 

.b. .radio and TV . ^ 

c. personal involvement . ■ ' . . 

d. technical journals 

e. ail of the above . 

f . none of the above ... 

Have you read the. report of the President's Commission on the. Three 
r^le Island incident: 

. ' Yes 
o No • 

^H^-e^ you read Admiral H. G. Rickover's testimony on the Navy's Nuclear 

Propulsion Progxairi before a congressional committee? 
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The Risk Gams; 



Purpose :; ;• ; : ^"vV ' r. - ' •;■ •" 

..The/puipose of i§. to.ineasure^^^t^ 

attach^ to ;'tl^ e.leiTieht , .pf relating to how they 

■ -cxinaiict their yiiyesv •'•.>■ ^ - . .n' V; ••^'S '•1>?-:-' ■ 



Discussidrii ' 



'ft: P 



:The: : activities ^ pecp'ie* "chopse, :tcf engage in are\^^ji:i^';a^ ••varCfed'r^\.\r \^>;;^ •'^"p^;-:';' 
and liie,:<didices" they' choose. ; to,; ^raakie 'd^ iTiany'"'faG&r$i\*^^ V^^'-ii:- ^:^te'v': 

preferehqe for which there .is;no accbunting, ^T^er^pres'siic^y.finahcia^^ ■.'N^r-v' 
. gain/ recreational goals,, jirptovdp^^ 

considered: to be of ..iirportarice .to '-tiie. individual :. Whateyea: ;<^oiees/^ 
■ people - m^e, there': :i3'>t±[e e^^i>-presents/eie^ lAsk,^^^lid^^ 

cycle without, a helmet is trore^ fisky 
^ is a irore>ri^ky occipatioh 'tl^ 
vrfno .v7iiL.Gho6se each; Thus, 'tf^^^ 

people att^cdi to the element of :ri%;|^ activities'; 
" theyVengage; iri^^^^^^^^ \ ''^^^ 

Procedure:' 



The parbi^c^p^ asked . . to -phc 



number ^f . acrt:iy ities 



.■•" 



;■<seven^^is^^■^^iuitabl|^ number) ^''f rem, o^^^^^^^P^ acti^it^ronl^ ls-:y -^^ 

. (r'known. ' Nei^v- he ..is "'asked toVcihobse.^^^^^^^u?^ -froiri'' a i^k^j;px;^'r' '[ •;' '. •^'•^ 
;■ which tdie^ri^ onXyi >s-. .knai|h. Lastl^^^^^iC>Dses'. the- saiTe;-^!:^^ •.a./lisj:jv' f .-.x- 

j' of acjgivities wit^ ass6ciated ri^^piowh *^ ;: T^ '. ayera^^^risjc^y^^^^ > . ; " ] ; , 

/&icuiatdd- for choices '^^e: from ea^^iist/ and^^.t^ V: 



;p^red;^. 



i 



..p? A/ risk is ^d^ me. probal§ility of occm"^y^^^^of ^ an eiyent . ;^ • . 

: 'W' ;V^^-m tfi^iiebn$ec^ shouM 'tliat event ^^ualiy occurv--'to^^^ 

. J' Z^^tiie Gaii^f thte •pm of an'.- accidental death is given for'' each y '-y ' ■ ■ ^''-^ 

••' / ac^^ifeV^l^^Thi^^ c^^ohsequence " is^ deatA and the probability is stated iric. " ;' 
. ifrrr -^^^^tj^vlis^s^ 'a^ per^.numbet^ of ^rsons. engaged -in that :vV".'..- ■ 

-f-! A>^.ac^lyi^^ the' nijmber ^ o^|3ersons invb^ Ijie . saf e^^^^^ \ 

/•'^r ' ][Si%akiag a^^fchoice .fircm the list: of • ecti\^ies,. it. i3,expeG± .at . ''-^ 

-JM-' p^r^^iwili make a select'^cri^feas^ partiaily^^ ^ 



ERLC 



•63 



on M of risk attach^ acrtivitsies. / The. choices 

. w^i: X on- hew per sojrial, pref er(^^ .the subjective 



1^ 



•The lxst o^ to the 

Without a c>f;>the activity, ^ it 

al/V^^^ lav-risk items 



actiyi^e^ ; list 

is e^qfecjtad. .t±La the ratic^l iridivl 
{largfie nuntoers in liie list) ♦ 

^jid:^^fecsciate<^; .risks were taken from 
statisHcial{ data; given."- Safety Council 
: and- from repqirts ■ of the Atomic ^ >|Shesfe risks itiay or may 

not cx)iiiclde w^ -^"^ — 

. ■ : ;It as exjfectedVthkt- ,the^1i^mc^"''iriad 
will more acc&ately /re^lec^ th$ 




^oeption - of then. 



.'and pref erericfe vr^^^^^' caicul^t^-^^^ 
• might be . largai^: or vsmaller than^ "thai;; 



the. activities-risk list 
Ldiyidiaal makes between risk 
I' from this' list/ therefore, 



first : list. 



■ .-i. *^ ■ She differences in' the m^ the averages from the three 

_'y''^'"l2^s will inc^J-c^fce the iixpo^^ to risk. - If . 

averages .;ar^ r^easonaDly^^ ^^^M^^'J^Ti^ might conclude that the - individual 
*"v -'^^has-a/gooi Icricx^led^^ of-;^^^^^^-Tisks 



■ tp, Ic^ risk -activities ;/ 
= tjiat pr^erences 'byernde 



/has 'adjusted his preferences 
^ciifferences ar^ 'I^^e, then one might coriclude 
ip. the individual i activities. . 



; ■ / . ■' , APPENDIX S-3 . " . ■ 

" Surnrary of Content of Basic Civil I>sfe^ . .. 

I. Authority 

County Civil Defense organizations operate under the authority of the 
Federal Civil Defense Act of 1950, as aniended, 50 USC App. Sec. 2251-2297. 
. Additional authority pertains to. the requirements of the various, state 
codes, the oDunty. actions, and city-county agreements. 

li. Situation and Assunptions 

• In the basic plan, the assurrptions deal with the possible sources of ah 

emergency. The participants of the workshop should determine that a 
bona fide nuclear incident 'jte included in .the basic plan for their, 
conmunity. 

The. situation describes in a^ general way, the population magniti:ide and 
distribution, facilities available, and actions that can be taken in 
an emergency. Reference is made to legally consti-^ted authorities 
and existing defense readiness pxans at the state and local levels. . 

■ III. Purpose ' • . 

' A, standard phraseology'' is . .to provide for the maximum protection 
of life and . property and. to prevent, minimize, repair, and recover from 
injury ano^amage caused by . .a disaster. " 

.IV. Policy : 

• • ■ ' i ■ . ' • ■ ■ ' . ■ , 

Consists of a statement of the responsibilities of the city and county 
elected officers, of government. Supplementary use ; of trained auxiliaries 
is authorized. / • ' ' . ^ 

v. ' Organization and ^sponslbilities • 

: Whereas the responsibilities described under IV-Poliey above were general 
in nature , this section spells out specific duties . The following 
. officials .are mentioned specifically: 

County Gcfftmissioners . ' 

^Mayor 

V. ' . Civil Defense Council 

. *: . ■ . . VCivil Defense Coordinator ; ^ 

The duties of the .following sexA^aces are also spelled out: 

. ' ' Fire' Service' 
• • ■ ■■' ■ 'Law En^^orcCTenr Service 

• Health Service . . . . . / 

. /• ■ Welfare Service ■ 

• ' ' - Shelter Service • 

Pi±>iic Information Service 
Disaster Analysis 
Public Works- Sei^vice 




An Operations Group is established, an Emergency Operating Center is set 
■. \jp, and provisions, for Military Si:pport arB.made. 

VI. ^ . Operations v " ^ ' ' 

This section outlines in general the procedures to be fdllowed in the 
: event of natural dis^tc^rs and war-caused disasters. Details of actions ^ 
to be taken specific ccises; are spelled out in the separate annexes. 
All of this is the. province of the Civil Defense Director and the state, 
county, and city-elected' off icials. Workshop participants shoo^^^ satisy 
themselves that these imtters have been ^satisfactorily accanroli^ed. In ■ 
- other words, a. functioiiqig Civil Defense organization should exist. The 
■ ■■ . ' procedure to be followed in the event of a nuclear incident is covered 
in an annex prepared along the lines discussed above. 

VII. Direction and Control • 

All steps taken to direct the activities of disaster' control teanis • 
origina±e at the Emergency Operating Center. This- section sets up such . ■ 
an EOC, describes its capabilities, staffing, and operating procedure. 

* This' section also prescribes the types, content,, procedures , and agencies 
making reports. — ■ ■ ; • 

VIII. . Conmunications . * 

This section describes and defines all normal and emergency lines of . 
ccinmunicatdon among^the n 

emergency field cartfnunication units and the EOC. ; 

Sections VII and VIII would apply, regardless of the nature of the onergency.f 

Suggested Disaster Plan for Use Purina A Nuclear Incident ' . 
I. Authority . ; ■ • • , / ' * 

(See Basic Plan) \ ■ V * ■■ .. 

II. Situation ' * 



Capabilities , 

This paragraph should, list and define the following items pertaining . 
to the local situation. I-forkshon oarticipants assemble this material 
with the coooeration of the local Civil Defense Of f'ice. . . 

■ • . ^ ^ ■ ^ 

1. Radioloaical survev teams available." • 
. 2 .■ Location and capacitv of fall-out shelters; 

3. ited-Lcal; facilities available; * . . " 

4. Evacuation routes avail,able - • ■ ' ■: i 
5.. Emerqeno/ housing available: 

Reserye TX)lice for special. duties. 

Limiting factoirs should list deficiencies in ..the items listed above. 




III.' Purpose • • 

; {See basic plan) • 
.yiv. Policy ' . ■'. ■ ' ■ ' . ■ ' 

A. The conduct of preventive and protecti^ve.; actions shall be the. , , 
responsibility of soecially trained- personnel, fully knowledgeable 
of accepted niethbds of .dealing with radiological problems. 

■ . B. I^cmxtrnent>. trajjiing, assignment, and super^sion of .radiological 
^defense'-teanis shall be 'the resobnsi^ a 'fedio logical Defense 

• . , .Officer reporting to the Civil Defense Direcjtor. 

' ■■ . • •• ■ ' ■'X,.. . h ..• ■ ' x> ■ . ■ ■' . •■■ 

v. Organization and Resg^sibilities . ' 

■ ..A. 'Organizattion 

,1. The .Radiological Defense Of ficer ^ shall organize Radiological • * 
Defense Teamss Existing units of toe. Sheriff 's office/ and ' 
city and state Dolice organizations shall be integrated into 
such teaiBS. . ^ ^ • ! - , . 

^ >B. Responsibilities . ., . ; . .. ; * ^ ,^ 

' ' '■ . '■ * ■ - ■ - ^ 'v - ■ : ' ; 

1. /The Radiologicai* Defense Off icer shall have the sole responsibility 
of deciding, after a consultation with responsible nuclear power ■ 
- ' plant officials and law enforcement officers, Aether to evacuate : 

residents, to utilize fallout shelters, or what 'protective action 
> . . to errploy ■ in. the best interests of residents in the vieinity of 

. the -affected 'nuclear power plant. ■ • . 

' ■■ 2.. Law enforcement of f icials shall be resp^ the usual . 

^tters falling within their ;]uri3diction under nojnnal . 
Dnditions, as 'long as. .they do not conflict with. 'the .radio--; . ' 
Logical situation. , * 

^Local law enfoircerrent officials, the Radiological Cjefense ^ 
; / Officer, the Civil Defense Director, .and the local , city and 

county officials shall prepare an evacuation plan ai^d a plan - 
for establishing, stocking, and administering fallout shelters.. 

VI. . Operations \ ^. ' . : . ^ 

:A. . Disaster ■ Relief // . , ' • ; . ' 

Disaster .ralief m the event of a nuclear incident at a nuclear - > 
^ ^ power-plant shall be Conducted 'jQiritly by the Civil -Defense 

Director and the .Radiological Defense Officer,: according to the ' > 
" ■ • establ2.shed plans " : V ■ ' ; ' - . . 

,. ' B. .Pre-disaster .Activities , . . ' 

Pre-disaster activities shall consist of oersdnnel training sessions, 
assignnient of .personnel to.STDeci^ic tasks, and test and "exercises. ; •. 

, Additional activities shall consist of detailing plans in the 
following areas; " \, . -, , - ^ 





.1. R±>lic warning " • 

■2. Movement to shelters ' - 

' . V 3 . iJi-shelter aandnisinration 

' ■ . ''" 4/ Evacuation plans/ '■ . 

) ■ ■'' 5. Recovery . . ^ 

■ ' : ^. -5. . Public iLiforiration; pro 

■V - / . . ■ . ...the event of an incident; . . ^ " 

' . .v: , • : ^ : . , ■ ■ . ■ . - . ■ ; . . - ■ 

. VII > ■ iV3rTiinistraticn and Logistics • 

Plans falling under /this heading are ccs^rmon to other subjects described 
in other anne^s. Reference should be made to them. ^ 
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: APPENDIX S-4 



, ^]isEEDS ASSESSMEM' 



The needs assessment . sur^S^^/w conducted with the • 
cooperation of the ; Bonneville : County ■ Diistrict 9l school adrronistfetiq^ 
.and the Boy Scouts of America ^ Teton Peaks Council. Students-' lis t^ " 
ithe Mvisory Comriittees above ^d a Scout candidate fbr the Eagle rank did ' 
most of the work of obtairiing respondents "to the questionnaires... The • ; 
various city precincts, wief^- assign^ ah(;i the. s were i^^structed in ' 

the procedures. The canvass of the-'-high scho^ students was conducted by ; 
the teachers on the Environmental Education Mvisory Group. , 



Results ;and Analysis of Survey 

■ • ■ ', , ■ 

Results^ : , . 

v. . ' ■ Idaho Falls 

_ Residents 

172 



Civil Defense 
Directors • ' 

. ' 15 . 



High Schd^l " '^U. S. ;^ 
' ■ Students S pot Check 



Number of Respondents 
Percentage Responses ( attitudes toward Nuclear Energy ) 



133 



28 



(1) 
(2) 
(3) 
(4) 
'(5) 
(6) 



Pi±>lic is informed: 
P\±>lic.not informed: 

' ■ . :\ ■ • , . • ■ , 

Nuclear Power safe : 
'Nuclear 'Power not saf 



.Would .move: 
Would not ■ move : : 



.Benefits Outweigh ; Risks : 
Benefits Do Not Outweigh: ^ 

W^j^ Problem. Political: 
■ Wa^e problem Technical : 

Prefer Alternative Sources : 
Prefer Nuclear : . ■ . ' 




2i% ■. 


■ 7% 


24%' 


,4% 


79% 


. 93% . • 


74% ■. 


, .96% 


75% .■: ■ ', 


. b6% ■ ' ■ 


84% • 


. • 64% 


25% ■ ' ■ '. -,. 


■ ■ ' . 20% ■ . 


. 16% ■ . 


36% 


'2-1% • ■ ■ ., V 




14% 


■ 61% 


79%-.-: - 


.c73% 


.\ 82%*. 


; 39% • 


6 8 % " ' . - 


- '' - 86%. * . ; > 


80% 


• 46% 


28% ^ -'S^ 


,14-% 




■■-54%. . 










60% 


■< '■' 53% )'\':: 


59% z'^ . 


46% 


33%. . 


40% ■ * i • 


■ ,:35%:. ' - 


. ,54% . 










48% " 


V. \ ■ 


.; ' 36% 


'•; 64%^ 


.52%';.. ' 




• • •■'=-51% ■ : . 


'V -29%,- 



The indicated responses; are .keyed to the ques^on nuitik^s i^i 'the^'g^ 

The sensd^of the questions is. given in abbreviated form to avoid the necessity 

of writing out the questions verbatim'. ^ ; J . . , , , .^ ^ '. ••■ 1' ^ ' 



♦ Percentage Re^sponses '(Sources of Information ) 



Idaho Falls 
Residents 



(7) 
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Accuracy of Sources - ■ 
• Most' Accurate : ' • 

..(a)'' News IXtedia- \, ' 28% 
(bt Govt..^l. ^ Reports ' , ' ' 17%. 

(c) Consumer Organiza— 

" tions ■ ' 15% 

(d) Industry Spokesmen 22% 
/ . '-'•('e) None of AlDoye . 24% 
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Civil Defense 
Directors . 



^ High School;.- 'U..S;.* 
Students Spot- Oieck 



7% ■ . 


. IW 


:2l% 


20% . 


' ; 19% ^ ■ ;■ . 


. ■' 7% 


20% 


■ ■ "^'"12:% 


•43% 


27% •.. 


■■• 29% 


21%, 


40% . 


.' ■ 29%:5 


. 14% 















Idaho Falls 
Residents 



Civil Defense 
Vbirectbrs 



(8) Preferred Forms of Sources -r^. 



or 



(10) 



High School, . 6. S.- '.. 
■Students. -'Spot . . Ghedk 



. (a) Random Items in Media 




27%' 


, ' ■■31%:.. 


^ ' 39% 


(b) Front Page Items 


.■,12% 


0 • ' 


. . 5%. ■• 




* (c) . Seriai Articles 


28% 


40% 


35% 


* ■■ fi 1 % 


. (d)' Workshops 


■44%' : ■ 


60% 


45% ' 


-57% 


Pxjblicity on DenxDnstratidns - 




' ' •■ ■ 




' ■ '-v 


■'. ' (a) . F\ill, conplete accts. 


31% • ' 


■ 20% ■ 


■ 25%- 


■.'54% 


\ (b) Ignore them 


9%- ■. , ... 


33%-.' 


. 6% • 


7% 


• (c) Newst^prthy Itfems 


36% 


40%' 


27% 


■■■.18% 


(d) Balanced Accts, 


27;%,. 


. 1'3% 


46% • 


.. ,..25% 


Sources Used by Respondent s ^,- 










"■>, (a) Palmers & Magazines 


7:t% . - ■■ 


•, ■ - . .67% ' ' •■- 


. »84% .■ 


76% 


(b) 'Radio and TV v v 


:.7-3%. 


y :-67% ' 


: 7 s% , 


:• . 82% 


(c) Personal Involv^nent ' 




73% ■ 


■■ 41% 


• 76%^ 


. (d) Technical cFournals , 


■20%'.' ,' 


■ 40%..;.; 


' . ::18% ... 


. ^- 6.4%. 



One Civil- Def efise 'Director returtied'.fif ty-^even .catpleted. questionnaires £rom hi^^ 
area. ' Nothing is team of his manner of selec^ng: respondents; hence, the repre-: 
sentative nature of the "^r^ult§ is opien to question • - The 'results are. presented, 
howeveir, for ccir^ari purposes.. > , ■ - v;^^ ■ ' . / V ' 

. . CANYON CDUNTY, ■ IDAHO' SURVEY; ■ ' ■^. ' ■ . ^ ' " ■ . 



. ' Nuniber of Respondenifs - 57 

■/^jx Public is in^q^^(a^.|.:^ ■ 
Public is ndt?^^^^^'^ - ■ 



(2) 
(3) 



Nuclear Pc:n^7er-;Vis^'.'^^^^^ 



Nuclear Power is not Saf e : 
^ ■ ■ ■ '. ■ ^■ 

Would move: 
Vfould not mov6: 



. * Benefits Outweigh Risk; 
Benef itsi do not 'OtSfcweigh: 



7% 
.93% 

70% 
25% 

-.41%. 
66% . 

75% 
18% 



(5) 



Waste- Problem Polrtical : 
Waste Problem /Techiii'cal; 



^"44% 
.46^ 



(6) 



Prefer Al^^ematlves:' 
Prefer Nuclear: , ' , , 



(7) Most Accurate Sources:' 

. . (a) News .Media 
. / (b)Gov*t. reports 

( c ) Consumer organizations 
<d),Industry spokesmen . 
(e) None of these . ' . 



\ 



(8) Preferred .Forms of Sources - . ■ 

^ , ' (a) \RaAdan Ttems^^ - - ,. , /. 16% 

./■ : ■ •' (fc) Front Page Items. ' ; ' ■ - ; . ' . ' ,2.%" 

: (c)" Serial Articles : . v : 51%/ 

id) Workshops , ,, ^ ■ ; • . 49% 

(9) Eublicityjon Demonstrations 7: 

' ^ ' ^ (a) Still/ .cOTtpIete account ' ■ 1,6%'' 

■' (b) /.Ignore- Tliem^ ' / .. . ! , ;19%- 

•. :(c)V^s^^ 4:i^ 

\ ■ v., {(3)/ Balanced/^coun 16%- 

" . (lb) Sour(^s':use^ by\Respqndents - .. ■ 

(a>.; Papers ;/ari^ ■ ^' • ^-■'■'75% 

■• r : /..(^c) Jp^^^oi^^ : 70S* 

' : ■ ^ •(.dil'i^cl:^ca^ • • 



•> 





















■ ■ ■■ v"- 
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.. • ^-^.^^ ' •• ■ ^ ^- . ; . .• . .• .• " • 

'^ihe results indicate, that an "pverWheli^d^ percqptage of respcMdents - 
■believe the pioblic ^. not *s1^iffiQiehtly infprrned on nuclear energy " ' 
matters. Even'so, ab&t tlie *sain^'**^rc^ to be at^ 

least as safe as othei- , industries . ./Srie responses tp Questions 3 and 4 re-^' 
inf orce the conclusion indicat:ed,T3Y th^ r^^sponse tQ Question 2 in the^three 
^local (Idaho Falls, residents,^ g7" D. Ej^^ctors, and Stud^t:sii,^tt:ategories, The 
SET^ number of respondents in the ."Spot Chedk" gave answers to Questions . 3 
and 4 inconsistent with their answer to i^^Question This resiiLt^'^would seem 
to indicate that ti^^cpunt;ry as a whole is not well-informed, of that the 
Spot Check respondeiits did not understand the questing.. - Because ^f. 'ithe - 
proximity of :the Idaho National Engineering Laboratory, the local residents '^^ 
might, be expected to be better, informed than the country .as a whole • 

The response to .Question 5 is not as cleai^. cu the responses to the ,,,, 
previous questions,, reflects 'the lack 'of :|aptu^l informati^r^ 

on the part of most respondents . The resppnse to I^Q^sti^^ '6>. OJg^.fche -vtole \ 
does not show any clear preference for any one alteimative energy source. 
• ^ .c '- ■ . : ..^ •■ -^--.^^ - . •. ."^^^ .' ■ V- , 

/ Questions 7 through 10 delineate the attitudes toward/^^d S^references^ 
for the 'rarious inf ormaiionv sources . . ' ■ ' ' . 

A public opinion survey about .this Black Fox Nucleaif?^uplant wag. conducted 
for tfee Public Service Conpany of Oklahoma; by Central Survey, Inc., Qf . ,^ 
Shenandoah, Iqwa> during ihe period February 10-17, 1979. The resists . of ; 
that survey of, residents "fairly close to the site of tKJfe^Black,^^ 
were 41% in ^avoir^^ 21% opposed, 29% indifferent, . and 9% no opinion.; Sane 
of the -dreoanraiiendations made by Central Survey, Inc., 

; . .' . : (a). . . . :'. .the cx5rrpanyf;;shou^ 

t^: / efforts to give residents of this area factual informa- 

tion about nuclear power, and ^specifically' about the 
. . ■ Black Fox." ' - 

^ /s ■ (b) there seems to be^^ se^rio'tis lack of information .on; 



some. s\±gects. 



' .'>° Co) ."....only tHe most; sophisticated /(and: rtpst^ 

" . residents of the ^ea thorougM;i^^read and understand . the 
- .'■ - conflicting argiimi^ts." ' . , . ■ ■ \' ' ■ 



dfte' could concliide/. therefore,; frc^^^the results of this' sur\/fey arid- that 
made by Central Survey / -Inc. , -•.that, ' a) ^ere is a need, to motivate- ccaiimunity 
residents to l^^cofre-'inte^esteci^ aM jD) - ..t^t .there' is need ^^to readil^ 
und^stood factual ijjf ormation \to' citiza|^ faced. wi1±L 'thie necessity-of ■ - .-^ 
rrak'inh decisions relative tb' nifclear pow^/ ' ' \ . : : ■ -'■ 



. . ■ APPENDIX ,g-5 ; 

■ ^ f> • ' ; ■ » • . 

. .'^ Vforkshop Schedules ■ 

■ ? ■ . • . ■ " ■ 
Five-Session' Synposium / " 

The fiye^session synposium my be cx)nducted in two different 

. formats.. The%irst is designed for the gener^ public, it consists of five^ 

two- to- three hour sessions ^^eld in the evening on son^ selected day of the 

week for five successive weeks. The second schedule is a one-week syirposium 

suitable for a imilti-disciplinary college or .university summer session. Both . 

formats use the student's text and the teacher's guide. 

Five-Week Format ! ■ \ 

First Week ■■ ' . ' 

1. Registration and distribution of student texts. 

. , • - 5 . ■ ^ . ■ . ■ ■ 

2. Conplete questioiSn^re in Sociological Unit. 

3. ; Instructor explains plan of couc^se and conducts class discussion 

on questions in questionnaire. 

4 . . yAssignments : 1. Read 'Technology Unit and answer as many questions 
■ . as possible. 

■. ^ * 2. Collect energy-or.i ented cartoons from newspapers and 

' / ^ : " " r^gazines. . 

Second Week ' . . - ' 

1. Glass discussions . 

. • a. Explain and complete otechnology questions. 

. .. ■ « - ■ . : ; b. Class discussion on subst^BCe of cartoon contents. 

■ \ - 2.. Assignments^ : ' Read sociological and environmental . units;' Look for 
^ examples of energy-slanted advertising by industry. 

Third Week , v . 

1. Clear ijp any as-yet unanswered, questions in, the Technoiogy Unit. 

*. 2.^ Di%^!:5uss questions to be found in student ' s^<text on &)cio logical 

; . and EnvirQprnental Units. \ ' . " " " 

3^r "/ Ass jggnpents : , Read Jconcmj^and Political^ Units . ^ ' v ^ 

v Fourth Week > / ^ v. ' * . ' ' ^'' ^ ' ' , " . - - ■ • • 

r. . Discussion led by instructor based. on questions to be found in • . ^ 
, ' , \ student's text,.' and in teacher's guide on Political and . Econcmic Units 

• 2j^- Conduct Risk Game score and explain intent of gair^ and significance 
'.of results.. .* * • . " " ■< 

*^vi3. Assignment : Review course material and formulate any, questions on 
, .* course* work. Read, Decision Module. 



.. Fi'fth Week 



1. Final Review". . ^. ' 

. a. Answer questions from workshop partiicipants . 

' .-^ ■ . ■ b. Discuss Decision MDdule. 

2. Analyze and discuss content of cartoons.. 

3. CcJiplete evaluation questionnaire. 



V . .6.' \ ! . 



.■■.J. 




r ■ 
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One--Week Format 



irst Day- 



jybrning 9:00 12 1 00 ' ; \ . ' • 

• . ■ . !• 5^gi'stfatipii and-<^ student texts. 

2. Copfplete que^tiomSliffe in Sociological Uni%4. 
. • ;J. 3. instructSr ^xplaih^^j^an of course and, conducts'^^class 
.. < discussion on questions in questionnaire. • 
4* Assignments : (a) Reaci, Technology Unit an^d' answer as many 
\ * j questions as possible* >. 

' • .. (b) Libraary Work: Collect fenergy-oriented. 

5^ ' cartoons from magazines and newspapers. 

•■ '• • • ■ ■ . . • . ■ ' ' , . ■ ' ■ • ■ 

Afternoon ? Work on assiqnmerits. \ ' ' ■ 

. Second Day 7 ■ ; . • ^ j# ^ ' • , ■ ■ ■ ■ ' \ . ' ■ ^ 

Morning:/ 9:00 - 12:00^^'' ' 

• i • V ; " . ■ ■ • • & • 

1./ Class^ discussions. * ' .-^ 

/ (a)^^Revi©v<» and^efciaiii techno l(^y questions. 
|/./. . ' (b) 01SCUSS cartoc^.r^^ ; 

■ 9 2. A^feignmerlts ^ (a^) Read Sociological and Environmental -jUnits. 

' . ' * . ^ . i^) Libfear^ Work : Look "for energy-related 

^ . ^ ^ \^ advertising by industry. 

' -' ^ ' Corplere. technology questions.^ 

Afternoon : Work on ^signments. 

» Third Day ^ . ^. . . \ " . • 

'■'^ jybrning : 9*00 -^Ot) .\ * ' 

. ^1. ;^lass discussions r > • 



a 



(a) Clear up any unanswered questions oh Technology Unit. 

(b) Conduct Risk Game-, v.. ' ' . 

Kc) CdiTpletfe personal :itiventory in. Tabl^ II, Enyironmental 
Unit. 

(d)' Pose questions, f rem Teacher's Guide'. and discuss them.. 



«: 2. . Assignipent: J ; a) Appoint delegation tp-call on Civil Defense ^ 
. ; ■ . ^ Office to obtain" infonnation on Civil De- 
. ' ' • i.;. fense' plans - irt the event of a nuclear incident. 

:"*: ''. ' ■ .- ^ ' (J>jf Read 'Economic', and- Political lihits. 



Afternoon: • Work on assi^inmehts. 



-Pars;icipants not calling on'(i0>Ll Def^s^> assist ih- 
. structor. in analyzing -^Risk 'Gairife results . | . ; ^ 



Foufth Day ' ^' , 

• tfcmrmg. 9;00 - 12:bo'' 



1. Class (£.scussions . 



•j[a) pisquss c^s^ons.foundri^^ 
/ ■ teacher Vs ' gui4e OA 
. ■ '(b,) ■ Receive repdrt^ori;*"delegai^ 

(c) Receive 2;:esult^. :of . Risk ^G^irie' 

2 . Assignment : # Review coitf se^ inatef i 

Dtioris- on ;<5oiii:se work,; 



ient^s text and in \" 
Ecx3ncndc. Units. 



ixig on Civil 'Defense. : 



Afternoon ; Work' on as^ 

; .Fif thVPay / ' ... .. ' 
.\ jyioming 9;00V- 12:00'^ 
-U ■ 1. 'Final - review 



(a) Answer questiofe^ 

(b) Discuss Decisiois^ 

(c) Discuss ^Gonteint>pj 




ate any- . . 
cisim lysodule 



o^;^-'", •:2. Corplete evaliiafeacsri'-qi^^Siaormai^ ■ .•■i; < 

: ■ 3. - Orgamze groijps.- for di^senM 

: informatiq^.'* '■ V- :. W;--^^^^ ; ^ 



. 4 . Collecrt .partidipant^ :GCMFients.. 




.'fa. 



•0^ 



■I 



.■1 V. 

■ ■ ■ ■ :^ 
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.-■ This .one-hour ■ prepared leid:";bh' nuc^ "is^^bajsed'"\OT^^^ \v •'v; ^ 

' cmtaoned in-^-^ fcext/'txtled ^■ Cit^ea, Edtacatioh "on Nuclear- - ■■; • ^ ; ■ 

■ Technology AtENT)'-- > V ' 1^ / . t ' .;^v'r*X: -'^ \- \-. '•■=:' 

'■ ■ . .. ■ ■ . — ~:' \-' ." '.. • #v *'M ;...r-^ ' 'V ' ■'•■ ■y..' •.■■>■:<•■.'•'.'• -X.'-V, . -v-,-. 

.. ' As one of tiie/ paxticiparitS/in the .pil6t . work'^hoii^ QOTme^ "tf ' " ■ 
.•• ■ ■" if-^. . r. v-v ^/-^^ ■-•^v;.; Vv -.^ 

, one .IS; se^lojig -shoe, /polish', ;drfe' doe^-*t t&M-^jJie -custoiTer^ 

. .'• .one; tells him. tow.; well it *TOlishes;sr^ nught^^ave amed, th ; •. >, -vV, 

.also, tells "the ci:£taner how rmch ^ttef^- 3c!)lD'''t^^ • 
•a peqpetitbr-i , This te^ct , .{ ther^fore^^ a\/oids'' :.tee^ical . d^^ V> 

. ;;; ;tjie^- listener 'h^^ doe's the " Dp^i^and how. irocfr^^ 

is .^±ian- alternative sources^ ^' "W--^ - " ' • ' /Vr-. v.v'..; ■ A^, ' 

.^.:.-::.:V:;-; -v'v Z ' ; ■ - ; r' { ; . ^i^-. .... .....Xj-v ■ - \. . \ 

- . T^ie: areas, covered in ^tte5,S'.-pr^ared' tdsct* cLreV hu^ear' safety ^.v-c.leanl^- \ ; } :v.: i ^ 

^^.■,ni^sV .-and;cost. - A tniie allowance ^s ^Isb irade- • ;■ sj: . :• -V^;:vv^^^^^^ 

' ; : ' v'- Thfe^a$^ fbriNuclearj:^^ 1 >^ ^ 

. •■ ■ V :. ■ la pr^are* teijif)//^^ - . ■ '^^v-'^^^^^^^^ J'^.A- 

;^;;;^■-■'^^ae result-, survey .-of /io^li re§^di^s> lSMii5'Ci\^ii^^ 

/ai'rectbrs,/.and.Va. Jew' rand(^ xesoondents 'elsewhete-; t^fic^W^^f'tHafc ' l^'-ffc^' 

i'tiii^^pub-lid (±Ld. ■•not;. consider ;ttHeifiselves'^ ^r^l 



■ ■TcHtters- iri ^general oh .nucleaa^nergw^rThe 'con|^^ that availably. A,, / : ::v>;A 

. ■ sources wete - not .providing the necessary . inf brmtion . • ■ That is. .unf(Di±uhatp^^^^^ : " . .; 
vV.,bec2mase\:the^d|^ exist' oh ^Vdiich^t^ ba3^ decis^ps. /^'r' "j. I^^^fe^^^^ 



• . . ;< The : siiboect is .so. vast and so GDmpi^ it vgould be . f coli?h| to^ - " ' 

r'tHink" that/ this short discussion :'mi^t; .an^er/all the po^si^e -quesj;^ . ^ 

' concerning • the ;eriergy issue . - The- :be^.tj*that can be done ;ris . ,to..,ppint out-y:?': . ^ y 
the . broad areas of concern' and to * tqll^V*^^^ desiiredy-inf drmation . 
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*be' found:.* . ■ . '•■"■^^ ■ / '^■'■\^V.^::"r.y;.>^-V^^^^^ > - ' "l.- 

At. the-'Very start,- it is." strongly^ errphasized- that a: coiplete landerstand-, ^? , 
. ing of all; the technical asj>ects ;pf ■t^^ for one to'^- ; ■ . 

arrive. . at rational . cpnclusi®n$ : oh.;^ i|'^e. A certa^ aivqp^^i/ ^ 



ireptal effort . IS ^■hOTever/ re<i^ • ^ ■ 

" ., • The energy issue in general- arid the^ 

cart be b:^oken down into the f ollqwing; 'segrt^ts : ^ the ^^dentity ''^d mag^iitude • 



of the most likely alternatives /' estunates of futuc^ demand ,^@p^ational 

■ . . ■ • ■ : " :.. ■ ■ ■ 

• s^ety/. including: environmental and ecological' iJTipact>; socio-eephoruc 
unplications , and questions of national policy',* ■ I'r''^ / 
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yiaibie aiternatxyes .for-^t^ are .only three, in numbers 

: fossil, fuels/., sdlar./^^^ only fossiT^uels and nuclear 

;b3\'e . readied ^^^ t^ development necessary to ineet a major 

part; 'of " the -est includes wind and hydro-power,.^ ' ■ 
has: not yet reached the ccmmercial applications are 

.likely Ki/the-:near .future i'-' of.^.. to is a major source in a few 

:faVored':areas.., ;'but;^^v is not expected, surply . 

; bemuse ■ all, siiiiiabi^ been exploited.. . 

v- . .Opefata'Qnal;,:skfety and ecological . iirpact, is 

the battleground on vdiich . and .anti-nuclear forces are locked in 

mortal combat /; ,;SckriO-econcmic and policy questions are minor skirmishes on 
the periphery^ of the malestron. . ■ , ■ . 

' Geotherimal -.energy ocean' tides, ocean waves and thermal gradients, 
and bionass 'are minor alternatives on the sidelines ^ just waiting to- join the 

f^'ayr . ; /'. / ^ — ^ . 

■ Factual information, as. well as expert (and not so expert) opinion, is 
availlS^le to anyone with the interest and inclination to dig it out. In ' 
1975, the then U. S. Energy Research and Developnent Administration requested 
the'U. National Academies of Science and Engineering /to make a "corpre- 
hensiJe analysis of the nation's energy future, with special consideration 
of the. role of nuclear power." . The study was conducted by the "parent . 
■ .Comuttee on Nuclear, and Alternative Energy Systems (CONAES) ,. four assess- 
ment panels, and" some two d^zen subcommittees, involving, in total, over 
250 persons." Sane of the findings oi :this study are currently in press, 
and hence, not innmediately available. ' However, an in-depth reviisw of the, 

work of that cbrtmittee by two of the members of CONZysS-^ may be found in Annual ' 

■ ■ ' (1) ' 
Review of -Energy Vol. 4, (1979). Additional* sources of authoritative in- • 

fonration are the^ Report o^ the President's Commission on the Three Mile Island 

Accident, and the testm^y of Admiral Hyman G. Rickover before the Congressioilal 

Ccmnuttee . on Energy in Ma^^ 1979. If the .local library, does not have these . 

publicat'i6ns , one should insist that they be acquired as essential' to ..a p^l^oS 

understanding of the "issues- .Additional suggested realding is listed in::ti)fe'' 

^bibliography.- ^ ■ ■ ; vi*"^ ' -.-i 

An informed* public is crucial' to the resolution of the current' energy ' ^.v 

crisis'. In this ODntext, a quote.: fron the above^referenced article is' 

•periiinent-'. , . . > . \ ^ 




."The CONAES .study, like oi±iers bef^e ■ it , ^ concluded t±iat. th^e are 
divergent pathways this nation can. 'follow its energy £utufe . I^Jhich ,•. 

path IS pursued: will ultimately be^ natter of ;§ocial choice. . But, which- " 
evei road IS followed, deleter at0and t^^ly actions, by governrrent will be ' , 
requj-red, .and many will touch sensitive ""nerves m • this pluralistic : society.-. 
Building' the political cc^sen^us "^^j^ssary to an effective policy will,.- . ; 
therefore, be ciLfficait/ |An ijnfiportant ingredient of .this effort is to.\r^?^i^ 
place myths -with facts anc? to reduce 'uncertainties as much as possible. ^. 
With these ^ob3ectives, O0NAE3 attempted ^ to assemble a .solid data . base which ' 
would' assist, both the decision xiiaker and the pub lie to identify and evaluate 
tlie consequences' of alternatives and of ten 'conflicting energy goals, options, 
costs,, benefits, tradeoffs, and mixed strategies.'." 

The, public, therefore, is strongly encouraged to'' consult the reports, 
on this study as they are issued. Only' thus can a rational. opinion be- • 
fotned, and not by relying on the words of the excessive]^. vQcal .:^elf- 

' appointed guardians of the public good. . / ■ ' : 

Man *s rise from savagery to civility "has been maiked by one dominant 
theme ^ namely,- the search for sources of energy to. do his work for him. - - • 
The 'all-consufning struggle for survival left primitive mankirid little time 

' for anything eise. Crucial discoveries such as fire and the domestication 
of ^-animals. provided, the entering wedge ^±iat freed, a few individuals for 
pursuits other than gr-jbbinq out a . living from ^ the r^calcitxant soil. The 
discovery of the means tor controlling, fire opened %he.way for the burning 
of v/ood and coal for heat, and of animal and vegetable oils for light. 
Domestic animals assisted in thy soil-gr«bbing process . and provided- man 
With increased mobility.^. .Coal was i^^roc^ed- mt^o, Western Europe, in the.- 
late 13th (|^tury by- Majrco Poio, an(|^petr oleum was discovered in. -the United ^. 
States in the middle of the 19th ceritury. Natiif^l jgas,; a' petroleum by- . 

'product, came into widespread use in the^early 2 D t±i | century. In 1939, 'Hahn . . 
and Straspnan discovered nuclear fission and the nuclear" age began. Thus, 

^riuciear energy marks, the latest step on man's seafj^i for ^ver .better .sources . 
of energy to ^^;hj|$ycrj>,f6j? him. v* . ' - . 

' All progress, however, has its good and bad aspects. The invention of 
the bow ajnii arrc% immeasiirably • iirproved ability to feed himself, but 

■the arrow that /killed his meat aiso>|cill'^^man. Pire-soon proved to be/a 
dangerous slave,' if ^ut of control, And- nuclear energy, is^no different. Thus, 
nuclear s'afety is o£., prime concern to "the nucleajr 'reactor enqa 

'■'■.'/■• ' ■ ' • ^ ■ 



^ineer. 



^ The recent . incident at Three Mile Island alerted the public to the ' . 
possibly hazard^^ associated with the use of nuclear energy. Nuclear safety , . - 

/ hpwever, is not a new j^oSlem. From their inception, ^nuclear reactors have . 
been reGogifiz^ as dangerous devices and botJri .govein^^ industry have . 

been engaged in intensive research. into^5il' 'Se^ operating 

, reactors. Safety, however, involves nore 't^^ The human 

. factor cannot be,ig[nored. Thi^ fact is vividly 'apgareh on; cx)nsideration " 

A of - l^e^ f indings of the Pr esident ' Capmiss ion o^Three' Mile. Island as • 
paf ed with Admiral H . G . Rickover ' s jfes tiJior^'^^Bef or e a , congressional . committee . 

\ That Commission stated ^in its lepoit, "We are conviriced that if the only V ■ 
problems were . equipment problems, this;;i^^ would never 

have :been created." And again, " the fundamental problems are. people- 
related, problems, 'and not equionent problems." . " ' 

In contrast to industry-operated nuclear power plants, it is refresh- 
irig to look at the record of the Navy's Nuclear Propulsion Program's safety . / 
record. In his testimony. Admiral. Ri.ckover stated, "In^ the 26 ye^xs since 
the Nautilus land prototype first operated, which was in 1953, there has . 

" never beeh.an accident involving, a naval reactor, nor has there been any. 

^release of radioactivity which has had a significant effect on the environ- 

■ ment. "^ This record becomes all the more inpressive in the 'light of the 

following facts: \ - . ^ 

127 nuclear powered si::^?^ j_n operation. ^ \ 

508 nuclear cores procured ' \ 

/ " 166 refuelings . • . ' - -* 

.. _ • . 40 million ijiiles steamed by nuclear powered, navy, ships , . . ".jA'' 

' J 1800,i:eactor-years of operation ' * . 

■'.How was it done? Admi^ral Rickover gave the answer, . "You have to depend 

; on people. If you have tq' depend on" people, then they must Know what they • 

• aire, doing. That means training not only -once, but constantly. ^ That is why 
people are required to go to ^church every week. The or dinary\humah« being - 

• does not remembef anything longer than, a, week." ^" ^- ■ ^ . - ■■ 

One is forced to conclude that i*: the navy can. operate ni^lear 'reactors 
^ safely ,,,.?then industry ought to be lable to do^Iikewise . ' , ^ '■ \ 

' To- place .the vdiole c^estion in the' proper 'perspective, it is instructive/ 
to consider ..accident rates as 'Gorrpiled. by the National' Safety- Ctouncil.^. Table S-5-1- 
lists. tJie-rie^ a^sociat^ w^th a variety of comnnon activities. The ris€ is 
started as brie accidental death per year per size pf population. " 



TABLE S-5-1 



Risk of Accidental Death 



Risk of Death in the Hone ■ 

■Risk of Death in an Autoraobile . 

Risk of Death in ^ Aeroplane 

Risk of Death in Coa^* iVlining ' 

Risk of Death by Lxghtnmg . . / 

Risk of Death, in .a Nuclecu: Power 
• Plant • 



1 per year per 7700*. population 
.1 per year per ,4000 ,population\* ^. 
1 per year per 10 0 , 0 0 0,, populatioh . 
1 per year' per 196 po'pulation; ' / 
.1 per year per 2, 000, 000, '\ ' 

i'-.per year p^r 5,000,000,000 " 



\* ■ But there are other hazards, associated with nuclear energy. The inost\ 
feared are the effects of exposure to radiation. The Advisory Gatmission . 
on the Biological Effects of Radiation, . National Research Council, has issued 
the results of' a study, on the iifer-shprtening effects of various common 
activities/ Table S-5-2 is ■ taken } from, that study. 

.. ■ . » ,.' TABLE S-5-2 ■ ■ ' ' - 

Life- Shortening. Ef f ects 6F Vai-ioxas Factors ''in Humafi Experience . 

Factors Tiding to Decrease • Decrease in Average Lifetime, ^ 



Average Lif etime . • . 
Overweight by 25% 

Smoking 1 pack ciga^ets per day \ 

Smoking 2 packs cigarets per day 

City versus country living 

Radiation frcyi:nuclea;r power plants ■ • 

(1970). 

Estimate, for year 2000 with 100-fold 
increase in nuclear power production 



3.6 years . 
. 7.0 years 
10.0 years ' > 

5.0 years 

Less than one minute 
Less than 30 minutes 



. Opponents of nucleai energy *have demanded that iiiuclear reactors be 
.designed with zero risks. .Admiral Rickover has pointed out that machines 



, cannot be ..made pejffect.' The human^bbdy 



[',s finest creation and yet 



we get sick-. If we cannot have perfe.ct humajVbeings," theit^y , should we 
expect > philosophioally, that machines designed by 'hiinan beings will -be inore 
perfect than their dreatdrs? That is what many unthinking people demand, 
even though the Lord Himself did not reach, this height." 

We cone nowyto the soibject of cleanliness. Clean iijiess deals with the 
•production of waste products that must be disposed of in son^ manner^* Again, 
we pite conparative .studies in Table S-5-3. ' 



- TABLE ..S-5.t3 
Waste Products 



- Coal ^12 tons of ash per 100 tons burned 

• 242 tons C02per 100 tons burned^, ; . 

, Radiation exposure , of general public - 0.3 millireiri/year. 
Nuclear Energy - 8 pounds fission products per /lOO. tons of ore mined 
' Radiation expo^uce, to general public .005 millirem 



per year 



A: 



other emissions and products are oxides of sxiLphur and nitrogen for 
coal and Plutonium for nuclear reactors. ■ The former can be partially ^r^^ ' . 
moved by scrubb^s^^ which greatly increases the cost of electricity. /OSie . 
most obvious means for' disposing of the plutonium is to put it in a reactor 
to make electricity in the same v^(ay uraniim is' used." 

There remains the- question of how to dispose of those 8 pounds of 
fission products. ' It has been oaiculated that one cubic meter (a little . ' \. ■■ . 
more than' a cubic yard) of those same fission pr'oducts produces 'enough gaitma 
heat for the 'equivalent of four average hones. ' Hence, the fission products . 
becone an alternative energy source. ■ • 

Cost figures also favor -nuclear power. Table S-5-4 shows relative/ " 
costs from studies pf the Atomic^ Industrie Forum and the Westinghoiase Corpora- 



tion. 



TABLE S-5-4 



Source 

Coal 

Oil 

Nuclear 



Comparative Energy Costs 

Electrical Costs .1976 
' • , ..^ ' 1.8 cents/ kite:. 
' " 3.5 cents/kWhr. 

1.5 cents/kWhr; 



1978 



2.3 cents/kWhr. 
4.0 centsAWhr./ 
1 . 5 cents/kWhr . 



utilities using both; nuclear and fossil fuel facilities have estima'^^ - 
^that dollar savings -to their custcaners have occurred because of .-the availil^iiity 

of nuclear power. Table'^^§?^5 shows those cost savings. - 

• - ■ • • . ■ '. ■ ■ ■ 
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; ; . TABLE 3-5-5 y ■ , - . ' ^ ; * • ^'^^'-f ;'. 

. 1977 Cost Sayings, to Typical. I^sidential C^ ' -^k '■■ ■ s ' ■ 'I ' ■ [ ■ 

. . Wisconsin $ 8 per year ' • 

Philadelphia area $ 16 per year . . • . ■ . ! 

New England $180 per year ' o 

Baltinore $ 81 per year -' . ' * 

These are all short-term cons;Lderations; in. the long tern, other ^ 
• factors i^eed to be 6o'nsidered. The anti ' s; -appear to think that it is only J 
, necessary to utter the 'v/ords 'solar ' and 'doal' to dlinch' the argument : 

against nuclear^ energy. Consider/however;. this facts, , ^ ' - : ' 

, Ah article m the. Transactions of the American 'Geophysical Union 
for July, 19:72^ discusses the I^ge Scale Concentra|:ion and , Conversion 
of Solar Energy. . The alijiirmdm .to bliil^ the mirrors \would consump the . 
entxre United States' production of alumiunum for 38 years at:the 1969 . , 
production rate; and the life of the 'syster[i was estimated to. be 30 .years. The. 
-system would .-cover an area of ^ 30,8,80 square .miles. In addition, steel- would. 
6e needed for mirror supports; control circuits .wov::^ direct the sun's light.- 
on the conversion unit; a conversion unit would geneirate electricity; arid ' 
a storage system would store the energy. on off pej^^ods' \vhen it would not ; 
J be heeded. Because of the diffuse .hature of . solar energy, it is ^ only 
' 'sTiitabie for small sbale de-centralized. uses. 

/ ■ The hazards assoQ^^tted with the widespread use of 'c6al are only - - 
. jusjt now beginning tt) bf^ realized; :The consequences Of acic^rain have , . 
/ ' recefgHved sane newspaper exposure.^ Acid rain resiilts frcari the oxides of : 
-. ' sulphur and coal. Scj^ubtjers can re- ;. 

move most, not .all, of these oxidegi- Mnd their use increases the cost . *' 
-of. the^ele(^xicity to. the point v^ere it is no 15nger corpetitive with nu- i 
' ctea^ yenearg^. The real- l|azardv however^ ^.s. catastrophic afhd probably fully / 



. realized by . only a haiidf ill of kriowledgea^te scientists. The hazard refeinred 
■ ;4;t4i is .the -i^ gtfeenhouse effect^ produced^^^^^^ increase iji the carbon ; 



' ^'dipxide ebntenfe j|i the atmosphere from biimuig coal. It. was stated above 



.. . '• 'that lOO ' tons oE coal produced 12 . tons of ,ash when bur|ie(S.i That rne^s that 
< . / aboat 6^;tons;of carbon af e bijmed to produce carbon d±o jq.de .(CD,) , siiice. \, 
• .. .*' about 3/4 of the difference between 12 and,. 100 cop^ista^oj' carbon. 'The 
; ■ other' constituents are|hydr6gen, nitrogen, oxygen, .and sulphur in yarying.y . , < 
f percentages. / Hepqe , ^th^|b]irning of ,100 tons of cqal piroduces 24^ t!ons of • 



/ It^-- has ' been ^estinated in a* report of research' iif a. recent^" issue of , 
th6 Jouma.1 of Geophysical Research of the American Geophysical bnion that . ' 
the consequence of a 100% dependence on coal would result in an increase in'^ 

■.the worldwide average tenperature at the surface of the' earth/of .nine de- . ' 
grees. centigrade,* by the year 2100. It has been- further -estimated that if- ' 
the STirface tejrperature of the world's oceans were, increased. by o'rtly 5 ' 
degrees^ the resulting iiherml ;e>q>ans^^ water Alone would put e^^ery 

coastal city in the world under water ,' FurtheriTore,^ this^orldwide. in^^^ 

m teitperatlure ..would nielt both -polar Ice caps and the -Greenland ice cap; ■ 

' and only the tips of the New York^ skyscrapers would be showing. > :.^:[.''''- 
: . . The : ^ti-nuclear lobby h|s .accused' gbver nrrent and. indus try spokes- ' : ' 
Tnen of^bias 'when all the^ while,/ ^rh^y vcKiif^^^ their own bias.;;-/"'- 

But bias is not 'ail bad., C^y^thqse. w^^ at all are com- . 

:pletely free of bias. Bia^^iriay be ,thp r^^^^^ knowledge , ' on the 

ope hand, or^ cqnplete.dgnoraric^ of xhe:,siibject on t^^ othej-. What is re- - ■ 
qtiired'is balance, ,r:a^ th^. eiiiiiinatiorr of bias. ..To attain such . 

balance,, it is necessary' to consider' advantages and disadvantages of' alter- 
natives in, b6'th:/Qfe shp^ term and the long terin.' , \ ' ■ . . 

\ "With^. respect to the envirpnrnent and energy, uncertainties'' about . ^ 
the future^ iJTpacts pf current choices suggest thkt A^hat are accept^le d^^ 

-even good. choices for the iirrnediate future ijiay prove less Satisfactory for 

the distant futiire. ;; G}Dviousiy , 1^ coul'd be true of .social 'and economic / 

choices as well, but . the' scale of' effects as well as . the * reversibility ahd-^"^ 

■ _ ' ' '.' t , ■ ■ . . . ■ . ' ' *" <>••'■ 

f^JciQ time required' to reverse' sorrie^ maf vbe' 'quite long.*' - 

t ' . . ' •-".* ■ •' ■ ^ ' ~ ■' ■ , - ' ■ - . ' ' ' ' ■ ' •. • 

( Energy ; The Next , Tw^ty. Years ^ H. ; H; Lahdsberg. . ' Ballinger Publishing ■ 

ConpanyV Carnbridge, Massachusetts ;(1979-) . pp.' 369-370.) , / . .■ ' ' ^ 

- /It 'might be^ccnciuded, therefore, . that the energy cjrxsisr.iii-^generai,^ 

and the nuclear energy; issue'iji^p'ar±icuiarV..Gannot^e solyed/by 

outbursts: and anguished- antics oh misguided activists. ^ Sober reflection it^^^ 

and ratipnai analysis will' be necessary fqp the resolution of these g.ssu^S;.p^ 



' ■ * Adililt workshops and secondary - schodl amricula are two^ 
"ayehues f or i;;he dissemination of.Vthe'.mterial in the Stucient-' s 
Text;. ■ Newspaper , article^ cons ti tute a third public" education . 
p;rocess . ' Two formats , designed for the ■ latter application are . 
. given ; ii:i this appeiidixr •■ . ' . . ' \, . - ,' " - 



Single Article ■ Format' 

For a single article', ^the. One-Hour Format of Appendix rV 
cah. be used, r " 



\ 



Mni-Series Format- 



. ■ . - ^ < ' . • ■• ^ ■ .\ ■ ■ ■ ■ 

. The following series of "six airtidles- ig; based on/the: 

■ / ' ' ■ *.- ■ . ■ p ■ ' ^^ , ■ . ■ c ' -^/z - . ■.■ • ■ - 

Vmatdriai.,in the Student's? Text. It was publish^ in the Icjahp Fallg 

(, . .. ■ * ■'•4 s ' ■ ' ' ■ . ' ■ . ' ■ ' , . ■ 

. Post-Regis ter*^daily newspaper" for JiiLy 17, 1980^, through July 23., . 
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Part 1 of a Series on Nuclear Energy ' . 

One dominant theme has rin}. iJirough^ all of man's history during his rise 
. f ran savagery to civility, and that is his search for non-human sour.ces of • 

. energy ^to do- his vjork for him. Prehistoric 'hominids warmed themselves in 
the sun, „ but the . rest of their time was spent eking out a living f rem an 

• unfriendly nature.^ The'discoveo^^ of the iise^ of fire and: the danestication . 
of aniindls partially freed man from the all-consumihg task of grubbing out 
a living, fron the recalcitrant soil. The control of fire opened the way 

-^for^the burning of wood for heat, and of animal and vegetable oils for light. ^ 
DoTtestic animals assisted in; the soil-grubbing process and provided man 
with increased mobility. Coal was introduced into Europe by Marco Polo dur- ' 
the late 13th century. Petroleum was discovered in the United States 

^%^mi^<3 th^^ 19th century. In 1939, Hahn and Strassmann discovered 

^^^^ ^ nuclear age began. Thus, nuclear energy marks the 

•latest step in man's search for ever better sources of energy to do his work 
for him.. ■ 

% ^ . All progress, however, has its good and bad aspects. The invention 
-of the bcw and arrow immeasureably improved man's ability to feed himself^ 
but the arrow th^t killed his meat also. killed iren. Fire soon proved to be 
a dangerous slay^, if out of control, and nuclear energy is no different. 

Throughout man's long history of his exploitation of non-human energy 
sources, there has been this constant battle between, the good and bad aspects 
of progress. Columbus had some difficulty in recruiting seanvsn for his west- 
ward, voyage because they^ were afraid they might- fall of f the edge of the earth. 
Franklin's lightning rod was Opposed on 'the grounds that it was sacrilegious. 
The "use of anesthetics to ease the pain of childbirth was also opposed on 
religious grounds/ until someone pointed out that the msrci^ful Lord put Mam 
into a deep sleep before he took a rib to make Eve. The present opposition 
to nuclear energy has more sophisticated grouncjs based ultijna:tely on Fear, 
Ignorance, and Prejudice. The p^resent series, therefore, is dedicated to, 
the dissipation of fear through the substitution of knowledge - for ignorance 
and rational judgement for pre jiidide.- 

Concern for the state of man's' environment is, not n^» The ^laturalist . 
John i^4uir was concerned for. the ;^fate of the California Redwoods and .did scxne- 
th.in|^ abd^ it. Theodore Rx)sevelt was one of America's first conservationists. 



His djLstaynt cousxn, FDR, encoiicaged 'the Jjla^^ trie ^ 

pl^oj^s states dvtririg the ^dust bowl days. , in 1950 > a book titled Water/ ^ 
. Land/ and People was published that, warned SLgainst " .,.%our growing water 
famines, and floo4?, and the huiran cx)nsequences.:. /^^^ The present genera- ^ : 
tion is no, stranger to the flood of invecrt:ive directed against* the use of 
nuclear energy and warning of the dire consequences of its ■^eroloitat ion. 

What the pii£)lic does not know, for the siirple r^son that no, one has 
troubled themselves to tell it, is 'that there is! a vast reservoir of balanced- 
factual .uiformt^ on the risks,, the hazards, a^ the benefits of nuclear 
energy-; a substit^^ hurran' iniuscle and ',sw^^ Unfortunately, much of 

that;M.ij^^6rmation is buried in the dusty files of technical libraries, ^fore■ 
recently, however,, a^rprehensive reviews .of-' the findings' and^^^^^ 
of research groups and investigative camuttees have been published. Copies' 
of those publications should be in every public library*/ If they are not, 
library us^rs should insist that their libraries get them. A list of ' , 
suggested titles will be given at the end of this article. 

Most g^ple do not have tirt^ to plough tlirough such' a mountain of 

... ■ . ' 

printed material v- For that reason, tljiis series has been written, to acquaint . 
the public with the salient facts ^concerning nuclear energy to the end that 
they might make for' themselves rational judgements on issues relating tp 
nucleir energy. The source material has, consisted, in part of the publica- 
tions, described below, and in part, of personal ei5>erience in energy-related 
endeavoxiirs , such as geophysical : e>cplorations for oil, petroleum reservoir 
production reseiarch, and nuclear reactor physics research. 

. Nuclear reactor safety has been high on the' list of priorities for, 
nuclear research ever since the days of the first nuclear pile that was built 
under the West StanSs of Stagg Field, University of.' Chicago/ *and that first 
demonstrated the. possibility .of a nuclear-chain reaction, on December 2, 1942. 
riultimillion dollar programs at the HSIEL that are devoted entirely to realtor 
safety research are the jPower Burst Facility (PBF) and Loss 

of Fluid Test (LOFT) programs, individuals, research teams, study groups-, and- 
commissions, have studied the^^problem and issued reports. Some of the resulting 
conclusions ^will be presented, m si±)sequent parts of this series. 

■ The ;^ of this series will discuss such questions as 

natural and' man-made /radiations, th^ risks and benefits of nuclear ^nergy^^ 
waste products' -from* nuclear power plants and from alternative, power^ources, 
power costs, and. reactor safety. 
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■ ■ ■ ■ Part, 2ij^^'^eries Raidiation '7 • 

DVinip enei^gy frdoi place .to plac^- It' 

that it iS'-'ju^;' .there;-' 



.ii-iS^is^^pf v^^^ D^^^^^^^/that\ itv/13' o ^a:f .you de- 

• >/i/Jv^/;^^ cxxne f ran sane place and it 



::;place,''else, 

;>people f are human > -al? is^electranoagnetic energy • , 




'''l\'T^^ ''pf?^^^ on the kind'of '^fadiation and, how^much inatter is present. 

! .//Mj^'^/^ thought^ at one time that neil±Ler be j '. 

eit^jer-^^r^ea^tj^ or destroved. . In a 3ens4/ that videa; i^o still true, ..but it I , 
/ J ' {'n^^s^p:ihe fh^qed' a. Ixttle, MatteSc ''cannot be desti:o^ed;-, t^t iS, .changed 
w ''^7f^x)5^yeKlScen9e' to non-exist^ce; nor-car/^tt^ax - of hothing- 

7 .ne'ssv It can, hqr^vever, be dnanged from inatter. to e^ 
V- //'/*'/ ')3een olDserved to be changed intO;fratter;/;althou^ on. afc 
'/ ;y^sm^ll'^ scale-/ The generation of electric it;^;' in: a/ 

> ; on^tlie, c]:^ging of iratter into ^energy, according, to tflie'-^-- 
/'/ '•/,/ Ejmstexi^^/// 




plant fSepends^ 
txon' proposed by 



E = mc 



2'" 



'I 



visible 

■ v., •■• ■■' 

energjf; 



* ''/^//;The human organism is iio' stranger .to;^ r^dia^ energy) . 

• I'y'/:/," f ' > > ' i' , ' 7 ^ ■ ''■7 - ' ^' '■■'^ ■> .a -l ' ' . ■ 

<:■'"'' , iight' XS/ /radiant energy; ultra-vi61et// inot vis^^^ radiant en 

/'!' ^ I ''''/' // ■■■ ^ \/-.', /'■';■'■;'/■ i /! ■ /'.''/' 

^^^/.. 'irffs^ay^-red (heatj light 'is /Radiant enex-'gy. ; Ihe 60rr*C7cle\c^ 

' .'/'['; 'hqrve*^'^ and that/toasts your bread produces radxatxtih- Radio waves' that br^g 

jyo^ /Bob Hope'^d Fred Sanford are; a.'fo^iti of ra^ }jhrays ;that find;. 

b^pJ^en tjones are radiatijion. . Gktirra*-^^ welds ' 

:',iXi inetal'ara radiation.^ ,Il^ese, are^^ th'^' gocx^ that radiation does 

'' v;":'|.i'for peogie/'^when kept under control;; ;;But. jus^^^^^^^^ in tiie;(firep^^^ will 

,r yi'rni}<ieep^yo^,yph:m on a cold winter/ 3 day, it./ willr.biiirn youri hov^ down, if ii: g 



";;:;-;|;but',of 
I' 1 '1; 




trol. 



gets 

, and; jji.;^a. diathermy 



iO vWaves xn /a ^ microwave oven .will cook, your f 

'! ; ^; V / / / / / > ^''-^ ■ ' > / ''■■■:\ I . • • • ■ 

^ mchine^ /they can producej an.; artif xciail iev:ef ,;/to.' aDmbat| Light is 



/essential tq-- vision, /buit ilas'^r , ii^^ -Ultra-viojlet "light 



, ;^' ''\-rnanufactiire's/vitaiiain ^ 



Jr 



your skxri;^;; ' btt ipuse sv"^i-™^:^<^ 



eventually/, ./sometxmes ^kxn. chancer. 
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'y'y ^^f'r-^ : products decay /l^ ' ^ , ' 

■ . :^ radioactive. . :dis.iiiteg^ ,\Fis sioilV^roduc are . thp a^hes produced in; a 

. mcl^e^ the-^^radikt^^ ; • 

■ ■ theiro^i^..^ ^But.;>§^ -;^E6wer ,planit^:w^ 

. byt tJiey'dpn't the garnma rays; under • 

^- tontroLC^i^^ ' " ' -/'i ' ■:'■.':■'.:'■''{'':'■'-':'' J :. 

/ :r6.'under^^t4^d v^^ daLngerous.>v whereas' ca^^ ' • , . 

:' - ..:.; not, - it ''is\,^^ bit techniGal. "J^, degree of .(ganger ■■■■ 

/;/ depends' :6n\'tfie' frec^ radiation ^and oh - hov mueh of..,it ^ere is*. The , •,■ 

'■ frequency f^l^tip^^iS;.':;:^ ■ ... ■■- i :.• "' ■ 



( 

/ 



..'^fSgy equais^: a ' cori^tant . tiSies ■ 'f ^ . : 



I!Ke .-'lc<^n|t phrase i-s,, a very srnall nuinber known, as Planck's y 

Constant /Tatter:"a^^'i^^ who discove:;ed the relationship., '^ v'; . / 

• . ... . The ;^ow0r' 3 toasts your '-'blread 'has a frequency- o£ 60, ' ^ . 

'V -cy.cles pervSecon<;i/^d ^hd'^^^ energy is . very-: smll.. The radio waves that - • •. 

• \ bring you M pf6granB/h^ between. ■ 500,000 and . iy5q0.,00G' c^^^ • 

. . per second, but ^Ife.oieLtrigy- content isjstrir srnall because Planck 's- to is 

f^^' ■ ■..."o.-. -v.. :::^o-::"./..- . ] ' ■ ; ' ' 

snail... M raoio waves- X-rays and gaimia- rays ' 
. ; ' • ■^■■/9S::: " . r^'V^^y : ^. - \ . .. . 

have fr^eque^ sp^^large that the en^gy; , content is appreciable r.and it .doesn't take 

' \rnudh;.gay[^^ r^di^ioiibt^ 

• Radiant ;^er^^^■fmm' the'^ sun sustain^ .lifie''c^ .- . ' 

{radaarit energ^^^ contains all' kinds b£ radaation,^ plus atcmic particles. Much 

^ ■ !'''■''':'[ '^ ■ -^'"-ov-o ■ ,. ' ■ ..: :.-.,r.:--:r:^-: ^-r'- '. . ' , ■ ■ 

■jy .' (^f that radiation is lethal 'taKlife,-.;and^ 

/ /i^ield protect;,;^ , from 'it. -"The./iriag^ ■ 

y /! traps .high eneff'gy;^^^^^ attos^fere . absorb and 

.. gamma rays. . 'Il^^^'-Keli^lyT^Heavi^^^ for ^Qrigf-range radio 

•„y/; GOTirnunicatiQ^^^^ that ,:. 

'1^ . . absorption and^^.txag^ of lethal radiafcic;^ - : 

; Besides .^^^ of ' ■ ' ,. 

radiatidni •. Of -. &e r^-ii^ety- two -natural lV^ (^^ 

• • /. ' : / / • -. '° • v^:;"":' ' ■ ? ^.^"■■v. . ' ■ / 

active /and ,emi.t- both particle;^ ar#/-^adiant energy.. that is us^ on luminous ■' 

'■; -'.^s/ */ ( ■ - -0.. o's''. ■ 'j^- : -"^ \'.-.''^\,^ '"'^ .■' ' "' "v.. ■ ' ' 

' wat<2:h - dials is\well^ldaov\^.- ■...Thbriijm-^that:,;.^ gas 
.roahties i's another.. , Tt-itiv^ a i^^iety aj^l^h^i^ . • 

■matefial/' found in raui" watejTWid. is. produced:.iy.,the^^ aGtipn:,^QF;& on . 

water in the at;irosphere>! ; Car boa- i 4. i^^^^^ i^a^y.s and is^ . 

•fCTitained in^^all livii;g7rn^tt|i;;v^^ 

finds |^Ec^assxum, k^ ' • 

and. emits- radiant enexg]^- .> .r:;:i:v V « 



■ ,: Does all thi§ frighted Y^uP i. It is ' not meant td. It.-is.itieant' to .sHow 
that all: the, ea^ and all liffe' from" thfe day of creatipn have been' bath^ in 
..radiation. There is 'no escaping it, and in , spite of perhaps because of it/ ^ 
niari has progressed from savagery to his. present high state of civilizatioh,^ 
7 / The dangerous' fqrms of radiation can be controlled just as iran has . 
/ranturolied^^^ in the. next ; part of ^ this series, we shiil talk^^out fission 
•products^, the nuclear, ashes, 'and how t±iey can be -an alternative ^ergy source,. 



- Reactor, g^ety - . 



> ' , -^t a^mdfetpg in Nbvoitier/. 1974; Ral^^h- Nader posed a: (Question to the " 
"^then AEC GcOTtiis^sfbhei'; Dcmb,' . ^ >;*^V , - ' ^ ' ^ --T ' V . • ' X 

^ • /} . , ■- "^^C^^7 many atomic e^los'ions. in our'"ci£ies- vvbuia ^accept before 

• deciding t^at nxicleaar^ power, is *not saf e - no. doniplexities , j'ust a numbei?^ / 

^. "the "Ipd "(if wderfhande<^n^e^iing .vthe anti^nuciear^aobby 

^gages ^iri to /ri^i^- the Amerxcari^ it, is akin to *the oiif^nous 

. trick, question/ 1l!)o Vou still b^at your'i/ife?*^ .ladder's question reveals' ^ ^ 
an, abysmal ignor^ar^c^df nuclear -tecim^lbgV is cased' on' a falsa, assunption, \ " 
- and IS deliberately ^^rov^aci^e -in'^ tori^^ • Th$ phrasing of the. Question 

• 'iirpli^s tlrat ^ther^ have aJ^eaH^ be^'a^o^c" explosions, in nuclear J power plants; 
it assuiTBs that an "atomic explosiorv^in- a, nuclear pov^^ plapt ,is possible - ' . 

. a false assunption, and the ins'^sfeiice on "just, a nu-rfiber^ denies the xe- 
spondent the opporturaty ^f- giving a rational answer.' ^ ' ' ' • ' / 
^It i IS necessfiE^ to' place tlje whole question of - reac^ 
..•v:^rop9r^,^spective.; i^ithe.^^^Jrieric^ public|is^to gap- a tf-ational, understand- *" 
■J' -^^o^ tiie place oS^^auclear' ^energy .in the national dconarry. As pointed out 

by Petr , Beckmann in his book. The Health Hazards of NQT Going Nuclear , "There ' 
\ IS no^uch thoj^g as safe energy conversion on a large ^le; i,t is ■ alinost 
/ a contiadiction in terins. Ener.gy is the^^capacity for doing work, and. as long ^ 
. as man is fallible , th^re 'is always tdie possibility that it will do the 

v;n:dng kirld^ work." TJiis article', therefore, will examine the questions^ . ^ 

■ ■ ■ ^'"^"^ - ■ . " . ■ ■ • 

■ of :-;jusi!:- how safe is nuclear ener^gy ccffipared to the safety of other human 

\ - • . . 

activities. , y ' 4r -i.^ ■ 

The Natibnajr Safety Council collects statistics on all kinds of ' ^ 
. accidents- in the United States ; From a * count of the nuniber . of accidents in a 
year,. the probability of aqcidfental death in thdt population ■ is calailated. 



^Attenpts to calcaiLate that,sl|atistic jfor, the nuclear power industry met a very'., 
serious difficulty; there have been "rip accidental deaths in the nuclear power 
industry, ever. The Atomic Industri^V- Forum, however, .rushed m where the 
NStional' Safety.touncil^ feared- to. tread, and came up with an estimate that ^ 
IS about th@ same as .the probability of being killed by being; struck by .a 
meteorite. These, then,^ are the statistics that have been collected: 

- One death per year per 7700 population in the homeX' 

■ ^ \ ^ : One" death per year per 4000 population by autoirpbile.. ' ^ 
" , ■ One. death per year per 100,000 population by -aferoplane/ 

■ . . One death. pfer year pe:^ 5,000,000,000 population in a' " 
' ■•. . , • * ■ , nuclear power plant. 
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' ;,In all fairness, however, it shpuldbe mentioned that there have been 
a^few accidents in the nuclear program as 'a whole. Included are nuclear reactor 
reseairch/ nuclear power research-, development', and ccHifet^etipn, military 
reactors, and weapons development programs ' Even so, th0 over- all safety* 
reeord, • including non-nuclear related -accidents, is unequaled by ar^]^ other 
ijidvistry) or class of* iridiostries as may be confirmed by consiiLting the collected 
data of the National Safety -^uncil. ^in the 6arly days of atonic en^gy,- ther^ 
w^te' a couple of nuclear-related deaths.., and there was one ' steam^e^Plosion in 
Idaho that kiiled tiiree military personnel,. But there have been no sueh^ \ 
.incidents -in either the commercial nuclear .power .industry or in the Navy's ^ 
Nuclear Propulsion, Program. . 

' At >this point , it is dnstru.ctive, to consi'der the nature, of nuclear 
explosions as corrp^ed with other kinds of explosicins. " 

Gasolene in combination with the right air- mixture explodes inside your 
auto '5 engine to produce power zo drive yqur qar. ^ • ' 

Firecrackers explode, when their powder, inside them bioms, rapidly. 

The powder inside a. 30-06 rifle shell 'explodes and drives the bullet 



when a huht;er shoots a deer> 

The uranium in * an atom bomb f issions in a chain ifeaction and explodes 
under the /right conditions.. . > ^ 

Ste^ boilers and steam locomotives have been known - to e^cplode when 

- the steam pressure accidently exceeds the ability of the boiler walls to hold 
It. " * ^ ' ■■' - , \ '. 

In the, above recitation, one notes three* different kinds, of ^explosions: 
the gasoline and' the powder m firecrackers and rifle shells represent chemical 
explosions, the steam explosions are due to the mechanical failure of the ^con- 
tainment ^vessel, -and the atom bomb was the, resiiLt of a nuclear diain/ reaction. 
The first two events elicit scarcely a ripple m the public's consciousness; the 
third event sends shudders of horror up-and-down the public 's spine a^.the' 'mere 
suggestion. The; steam explosion in Idaho that killed three' service men '^s 
indeed the result of a nuclear power burst, but it was not a nuclear explosion. 
In fact. It is very difficiiLt to produce a true 'nuclear chain-reaction explosion 
so difficult that- nuclear 'power reactors can and are built in such. 'a manner that 
'a chain-reaction ^explosion. IS irrpossible. 

- The discussaon sQ .far has dealt with "the issue of the probability and ■ 
consequences of a nuclear-rieiated accident.' There is also much concern with' the^ 
gxposur^' of personnel to radiation under ndrmal conditions. . The earliest 

- experimental nuclear reactors; son^times left much to be desired in the way of 
shielding not so, now-a-days. Today's nuclear power reactors 'are contained ^ 



with^ several vessels of different kinds fof\different purposes. An inner 

■ steel pressure vessel contairis the core and coqling liquid. - The latter c alio" . 
; provides some sh-ieldin^. High^ensity concrete Vs used, to provide maximum ' 

stkelding against gummas, and 'neutron absorbers a^e used to shield against 
' • neutrons.. Thu3, th^. exposure, 'of nuclear power pla^t workers is no. worse than 

that of anyone »\Yorking inside a concrete building, \ 
^\ : The waste, management issue, including environmental releases, will be ' 

" examined m the part on Fission Products t- ; \ 

'A coirprehensive treatment of what is. needed to Vnsure the safe operation 
of a nuc lear power plant may be ^f^und m" e:Lther of two Vpublications. , The report 
of . the President ^s. Gormuss ion on the Three r-lile Island accident and Admiral 

■ RLGkovec 's testimony beiore a' Congressional Conrruttee wire .referenced in Pari: I . 
of this series. . TJne following qiiotat.ons from' these documents provide' factual 
answers to the issue of .reactor safet;^ ; ' 1 • * 

From the Report of • the President 's Commission:. , 

"The purpose of the Comrfas'S^on 'is- to conduct a corrprehensive study and 
investigation of the recent accident involving, the nuclear power facility on 
Three Mile Island ^n Pennsylvalua. " ' : 

"To -prevent nuclear accidents las seriousi'; as' Three Mile Islandife^undar-- " 
mental changes will be necessary in' the o:i^gani^^tion/ procedures/ and practibes ~ " 
. and. above all — in the attitudes of ithe NiJclea2:'":Regulatory , Commission, and/ 
\ to. the extent, that the institutions we investigated are typical, of the nuclear 
industry.". .'. ■■. \ 



"But- as the evidence accumulated, it .became clear that the ' fundamental 



• problems are people-related problems and ^ not equipment, problems. ". . •- 

. "A cotprehensive system is required^ in which equipment and human livings 
are treated 'with equal iiipoftance. " 1 , • 

"We are convinced that if the| onl^:- problems were jequipiTient problems, 
this .Presidential Commission wT)uld nkveit -have been created. " 

In contrast with the subjecfj^bf this report of the President's Cormiission, 
Admiral Rickover * s testurony recounts the ' history ox a highly successful opera- . 
tion. The following are some, quotations from the referenced document. 

. • "In the 26 years - since the Nautilus land prototype first operated, * . , 

which was m 1953, there has never been > an accident involving a naval 'reactor, 
nor has thei;^ ' been 'any release of radioactivity which has had a significant 
effect on the environment." 
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This statenent becomes all the xcore iirpres.sive "in view of '^the magnitude 
of the Naval Nuclear Propulsion Prdgram. \ 

"Today, 115 nuclear-powered sufcniarines are in operation; 41 bf these 
are ballistic missile firing submarines ,an<J 74 are attack slismarinesK 23 addi- 
tional attack sutanarines. and 7 Trident submarines are authorized^' for Gpnstruc- 
tion." k- \ , . \ . 

"We also have one nuclear -powered deep sulatergence research and oc^an 
engineering vehicle. Three nuclear-powered aircraft carriers are in opera);i'on. 
and one more is being built. Eight nuclear -powered, cruisers are in operati6;i, 
and one more is. being built. Altogether, 127 nuclear-powered ships are in \ : . 
operation." * ' t . ^ , 

"Since the U.S;^S. Nautilus first put to sea. in 1955, Naval nuclear-powered 
ships have, steamed over 40 million miles and have . accumulated over 1,800 reactor- 
years of operation. ' We have procured 508 nuclear cores and have performed 166 
refuelings." 

In his testjinony. Admiral Rickover explains in great detail the policies 
and procedures ertployed to accorrplish the above ,described record. He him- 
.sel*f recognizes that not^all the methods enployed in the Naval . Nuclear Pro- 
/pulsion Program,/ would be applicable m industry. Never-the-les^,' the' in- ^ 
escapable conclusion miast be that, "If the Navy can do it;, there is no reason 
-why industry cannot do as well." ' , 
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. . Part 4 - ^Fi'ssion Products and Wasted " . 

•Much pf the nuclear power" .contxove^ revolves' around the disp9sal of 
wastes. The generation of electricity in mclear power paants result? in 
foiir classes of materials that are generally classed^ waste because ^they 
do nothing to produce more electricity ;^;they are 'apparently of ^no^ value to 
anyone.^ Such is the opinion of the general public, but that .is n9t'-. strictly 
> in agreement with reality, as the^llowing ^discussion will, show. 
! ■• .The ^ first class ma^^ be calied^siirply,. "nuclear dirt." Included are 

contaminated articles that have' pidj;^ Mp radioactive particles di:iring ■ 
. their, use in construction or repairS, or were used some way in the handling 
of radioactive materials. The si^ation is much the same as the one in which ^ 
an auto-mechanic would throw away his wrench because it was greasy. This" 
waste IS bulky; but the radiation level is. low. ./ ^ 

Another; source of so-called waste consists of corrosion. products and 
neutron activation products in the process water, particularly in the case 
of the Boiling Water Reactors. v / 

. Fission products and elements heavier than uranium (the . transiiranic 
elements) constitute t±ie third and fourth classes. • 
' ■ ^5^t. present / the "nuclear dirt", is stored m plastic bags which are in 
. turn' sealed into steel drums. A. final disposition of this mterial/'is yet*', 
to" be decided. ^ ■,/ 

, Materials of the second class are partially vented to the atmosphere . • 
^ when the- activity is low enough. Some are injected into d^ep w^lls. All • . 
of these rrethods have come under fire from, environmentalists and the letter ■ 

• is yet to be resolved. However, a study of , effluents from the Shippingport 
• reactor during the period 1957 to 1971 concluded that it was iitpossible to 

determine whether the discharge of radioactive materials to the environment ' 

* was ' ...in part responsible ^, for increased cancer incidence, infant ^ mortality, ' • 
and heart disease in the pcpiiLation living on the vicinity." 

An Isotope of great concern to many is tritium, a variety .of hydrogen 
Tritium IS produced in rectors by the neutron -bombardment of deuterium, ' * 
; ^another variety of hydrogeii. It is also produied by the action of cosmic rays' 
■ in the T^per layers of the ktm©sphere, l.arge amounts appeared in rainwater as 
- : a result of the bomb tests that were made during the 1950 's. .The cor\centratiohs 
dropped back to normal levels, however, witih-m a' f ew' weeks following, t^e tests. 
Research has shown that because of" the short half-life (12.3 years) and- the 
. long^tiine taken for rainwater .to reach water wells (40^to 50 years)', thev tritium 
drops to^ about 6% of .the original content by the time ,^ater is drawn from a well 



Thus, tfcie deeper thai weli> t±ie-, srraller ,, the residual*^ tritium content 

This 'leaves the fission products and the tr.msuraniG 'elements. The 
fission products ate. atoms about half tHe size of a 'utanium atom produced 
when the latter splits up during the fission- process. * There, are over two ./ 
hundred' species pf .^such atdtis, since riot^a].! uranium atons split in the 
sanve way when they fission., Half-lives of these products may ^ be "anything 
from, small fractions of -a. second for some, species/ to many years for- other ^ 
..species.'- -All. are 'either gaipjia or beta: ray emitters, or -both.. A very few are. 
alpha emitters . . - ■ 1 ' . ' 

Nuclear fuel elem^ts are coistjructed in a manner ^calculated to retain; 
all the fission products (the nuclei ashas). sealed insidfe. Many fissicai' pro- 
ducts are strong, neutron absorbers^ hence., a point' is reached- suqh that the 
fission products absorb ail the neutrons aind.the chain, reacto^on can no longer; 
be maintained^ There is stfll a 1 aj^ge amount of unconverted uranium in.the^? 
fuel element that can be recovered. At present,^ spent cdtttl^rGial fuel ele-. - / 

■ merits still contain 70 to 80% of unconverted uram^iln. Yet they are not re- 
processed, presumably, for political reasons. Qniy military and, research cores 
are reprocessed.'' "' Research on the' disposition of .these separated , fission products 
has shown, however, 'that they can be safely packaged and -may even prove -to.be 
a source of lc?w- potential heat, for seme lew-energy density applicatio'hs . 

At present, fission products are reduced to a granular kinS of matero-.al, 
resembling sorewhat a coarse salt. . Thi's material generates heat' from^ the : 
radioactive' decay process and must- be cooled to prevent possible escape pf 
some of. the hazardous material. 'A more . ffermanent dispositiori consists- of ; _ 
casting 'tlie fission products m a pyrex-like glass in sealed stainless ; steel 
cylinders. In this, form, ' fission^products cjould be stored safely for an ^i^- ■ 

' definite length of tiine. -The only dr^^ack is . that;, cooling Would'^have- to be,' ';' , 
provided . Current research. is directed toward the goal of finding suitable / ' 
crystal s-tructures in natural or synthetic materials .that would accept the fission 

products within the crystal lattice.. This process' is similar to fitting round • ' 

•'■ • . ■ . • . J . . ■' ' . 

, pegs in 'round 'holes, thus" producing a more^ stable bond between fission piroduct 
and host crystal structure. . ■ ' ' . . ; 

^ ' The necessity "of 'supplying cooling suggests 'a practical use of^-this ; 
supposedly waste material. The gamma heat produced by one"" ci±iic meter (a little 
more than a cubic yard)', has been caicaUted to be sufficient to provide sj^^ce - 
heating for four; average hemes fo:f prid h^dred years. ^The domestic^^pplication 
• IS probably impractical,; but certainly space heating of large. public buildings 
. is a practical. possibiJ/ity . Public acceptance is all that would be required. . 



For the; present , ahd excfept 'fDr plutoruum-23^, the transiiranic. elements 
• are, more, of a nuisance than . a hazard. They .can be stored in the same way. as.^ 
other fission products, until such tune as some.practic^ use for them is dis-. . 
covered. . . ' \ ■ • ■ 

\ ' . Plutonium is another stery/ ' One. of ten' hears the remark, "There" is no 
known way of disposing cf the plutonxum-239..''. v The obvious answer is "Put it , 
in d reactor and generate seme electricity'' with it. Then it will no longer • 
be plutonium, but- fission products for . which safe storage methods^j^e. "known. " " 

■ 14^'spxte of 'the Shippingpc-rt' stiu^ mentioned above, there have been' ; ^ 

additional conplamts of the' discharge of i:ad:.oactive wastes to the environ- 
ment. A detailed study of liquid" .and. gaseous releases to the- environment Z^- 
inciuding the Shippingport study, was published; in 1976 (Nuclear Power Safety, ■ 
by Rust and ■ Weaver., Perganon Press, New York-l . The conclusion, was, that- radio- ' ^ 
activity releases did not 'excised stand^ds that have been set. The controversy, 
however, is still raging, and studies are continuing, . not oril^y of effluents from- 
nuclear plants, but' from other sources, as well . Detailed information of pollu- 
tioh'' levels from all sources can, be obtaiped front the National Climatic Center, 
Fedetal Building, .Ash^ville, North Carolina 28801. ^ , . 

, Nuclear pow^ plants are not the only sour'ces of pollutants. Recent 
news articles about the genetic dairage resulting from 'the durtping of chemical 
.wastes in the Love Canal area. have alerted, the public to this fact. ^ In this. . 
art.icle, only waste products generated by ccal-f iredv pcwer plants will be^' 
considered, because coai is the alternative usually recommended. 

When coal is burned in boilers^ 'to.^ produce steam for turbo-electric ■ •. 
•generators, the following waste products result: 

12 tons of ash per 100 tons of coal burned - 
242 tons of : carbon dioxide "per 100 tons of. coal burned 

.. . tons sulfur dioxide per 100 tons of coal burned 

•- 'icv^ sulfur grade) ■ ... 
6.1 tons sulfur dioxide per 100 torfs, of coal burned 
• . . " - *■ ;high. sulfiir" 'grade) 

At 30% efficiency, 100 tons of coal yields 186,000 kiloWai..- hours. 

Hence, a . 1000 meg|LW coal7 fired .pGwer plant Would bum 537 tons of coal per - ^ ■ 

•hour. Other toxic materials- found in the coal ash are. selenium, mercury, 

vanadium, and benzopyrene, among others. Radioactive materials' found in coaX . 

ash are radium. and thorium. The major inpact on the environment, • however, is 

due to the carbon dioxide and *the sulfur dioxide. . When sulfui^ dLioxidd dissolves 

• • • ^ • • ' ■ * ■ . . 

in water, one gets- sulfuric and suifurous acids.. Thus, one gets the. acid rain 
that one has been reading about m. recent newspapers. .. A more far-reaching, long-- 
term and, therefore, uncertain effect is that diie to the carbon dioxide. Re- 
.search reported in. the Journal of Geophysical Research for June 20, 1979, estimates 



that a one hundred percent dependence on coal would raisa the global ay^^^e 
'ten^rature by 9 degrees ^;^:entigrade, by the ^year 21%0,. This tenperatiw^ 
crease is -^attributable to the "Greenhouse Effect" ' caused by th^pres^ee of fl 
carbon dioxide in the atmosphere. Just v^*lat the long-tem^^^i€^^^i^ht be a^e 
not at all clear, siirply bfecaiose they are long-term anrf because of the conplexity 
of the situation. . _ " , * 

.It appears^ therefore, that any large scale developinent of energy sources 
of any kind can have serious consequences that are not at all easy to assess. 
It -is iirportant that -the^^ citizen become informed of the nature of the 

problems. It is not necessary that one, be knowledgeable in all the details of 
all possible energy alternatives. .What is needed is a sound understanding of • 
some of the general principles*. . 
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. Part 5 -;En^gy^ Costs - 

* . Cost considerations go far beyond - the quoted rates at which electricity ' 

IS sold in ^:ents per kiloWatt-hour. Whether^ energy sour5e is econonical 

also depends on how .much energy is expended in producing the^ energy delivered to 

th^ consumer. " ' — . • . ^ ' 

*; ^ An article in the December, 1974, issue of the Smithsonian discusses 

the question' of how'^ much energy is needed to produce the energy currently being ■ • 

used, and concludes that, the present ener^ economy has reached the point of*' 

'diminishing reti^^ That -is, the energy,. return for. a given energy inpu'^is 

beccming progressively smaller. >- ' ' ^ 

' According to Reference 3,. 2 percent of the energy in the mined coal is - 

^used to mme, transport, and pr^i^are the* product for sale. .Further processing 

might involve any of several . coai-gasification or coal-liquef action processes^ 

having efficiencies ranging from some 55 to 85* percent. . "This means that the 

convenience of a liquid or a gaseous fuel over a solid fuel has cost from 15 to 

45 percent in energy costs^. ' 

For nuclear fuels, the energy cost from mining, ore c6ncentration, 

uranium smelting, fuel enrichment, to fuel element fabrication is about 10%. ^ 

Thus, coal has an energy cost advantage of 2%, as • coiffiared with 10% for nuclear 

energy*. ..... - > ■ ' - 

, • .» - s . . . 

' ' The over-all energy efficiencies for both coal and nuclear power plants 

have:^been estimated :n this^ same publication as follows: J 

32% for light 'water moderated nuclear reactors : 
38 to 40% for coal-fired power plants . " 
The difference is attributed tO: the higher operating terrperatures of the coal- 
fired plants. • > . • . ' . 

In the above analysis, fuel costs only were considered; eventual dollar 
costs to the consumer include^ in^:.addition, capital equipment, .energy transporta- 
tion, and distribution costs. These latter items are currently in such a state 
of flux that, any estimate of current values would have little more than a his- 
torical interest. Interest rates and inflation influence the dollar costs of 
t±ie three items listed above, all of which leads industry to bring pressure to 
bear on regulatory bodies to increase seirvice rates. 

Dollar costs and dollar savings through the use of nuclear povey have 
been estimated by the Atomic Industrial Forum and by the Westinghouse Corporation 
for the years 1976, 1977, and 1978. " • 

■ *^ JL - 
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Coal in 1916, 1.8 cents per kiloWatt hour 
Oil in 1^76, 3,5 cents per kiloWatt hour . ^ ' 
Nuclear in 1976, 1. 5, cents per kiloWatt hour * : 

Coal in 1978, 2.3 cents per kiloWatt hour 
Oil m 1978, 4.0 cents per kiloWatt hour 
mclear m 1970, 1.5 cents per kiloWatt hour . , 

* '.. ' ■ ' . • • 

Dollar savings through use of nuclear -^power Xn 1977 has/e been estimated 

as follows: 

Wisconsin $ 8.00 per year . 

Philadelphia ■ $ 16.00 per year 

New England 180.00 fjer- year \ . * 

Baltimore '$ 81. 00 per year ; 

These figures, as already stated, are of little" more than historical 
value; cost fpre^asts vairy . Current construction and equipment costs amom 
to 70% o£ the cost of nuclear-generated electricity for coal-fired plants, 
the cost is 35 to 65%. The use of scrubbers to reitove the, fly-ash will 
increase this latter figure. PredictiQfis of construction costs- per kiloWatt 
in/1986 are $800-$100.0 .for coal-fired^ plants, $1000-$1300 for nuclear plants. 

Hottel and Howard (Ref . 2) have cal(iilated that it is cheaper to 
transport energy as coal than ^as electricity. It would appear, then, that 
ooal-fired generating plants should be built near to usage areas. The waste 
problems associated with coal would seem to indicate the opposite, with the 
energy transported by electricity. The convenience of electricity is probably 
worth the added cost. Similar considerations probably apply to nuclear power 
plants. • 'V • . 

Most e^q^erts agree that coal and nuclear energies will be the majpr.sf'^ 
sources in the near future (20 years). Other alternatives will require that]' 
tiire for conmercial developrtent , if indeed they ar^ coafnmercially feasible at 
all. • , ■ " ■ , • ■ ' - ' ' ^ 

On balance, therefore, coal and nuclear ccme out about as follows: 

Long-term Abundance 
Public Acceptance 
Initial Capitalization 
Thermal Efficiency 
■ , 'Waste Problems* 
' ' Environmental Iirpact 

Ultimate Consumer Cost 



.Nuclear equals coal 
. Coal beats nuclear 
Coal beats nuclear 
Coal beats nuclear 
Nuclear beats coal^ 
Nuclear beats coal 
Nuclear beats coal 
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• Pari: 6 - Riefes and Benefits of Nuclear Energy r. ' .. :■ :S ■■■i 

■■ ^ ■ ■ ^ /■ ' ' '-'r-^fj-'^z 

The evening jiew^s on TV stations in Idaho Falls on Jime 8, -1986 > ' \ h-'.-.: 

' . ■ ' ' ' . • ' , ' * -. ■ , •■ 

o" announced that there was a 99% chance that. the northwestern states of- Washing— 
ton/" Oregon, and Idaho would suffer a severe power shortage within t±ie next <? 
coi^le of years./. Some indtiftries would.be forced to shut down, workers wotild ^ 
be laid off, and residents would be without electricity for several hours 
out of ^a day. The :3aiTe. , news item stated that the construction of several i. ' 
nuclear power plants had been dela^'-^d by construction and labor problems; land: 

.•"■sorTB others by peopj^e ob^ectm^^o their construction. Some that -have, been 
planned may never be built, and those under construction, may nol^ be ODnpleted 
for another ten years., y . / ;^ ' \- 

This situation was fought abotat by objections raised by people who 
themselves .have, admitted th^t . they .Icnow nothing about nuclear energy ♦ These 
. objectors '"(^teryenbrs 'in legqd language} have clairted that nuclear ^:3wer ^ 
plants are inherently ^unsafe, i^^jhich they mean that there is no wa:y to make 
them safe. - Th^ . fallacy the i,^r reasoning, is in the iiTE&rveijor ' s interpretation 

•of "safe." 'By s,afe, they -meari^ "z^rd^.-risk. " ' V j 

Before discussin-g^ risks and benefits, however, it- i^ instructive to ^ • 

. quote from Admiral H.-,G/ "Rickover *s testiirDh;^'^^ 56ngr5ssional committee... 

"The. human body is Ctod's; finest creation, ajicj yet we get sick.. If we 
camot have -perfect human beings, theA' why should we expect, philosophically, 
that machines designed by. humSto brings will be more perfect than their creators? 
. . .This is ^what ireny unthinking people 'demand, ever/ though the '^^^ himself did 

\ not;- reach /tUls height." \/ . 

/ Risk is de|iried as , the produst of the probability ©f an event, and the 

conseqfuendes of that eve^t,. When someone s_ays';he too]<: a calculated risk, it 
means' that he estimated ..the likelihood of the event ^d multiplied that b]/ the , 
seriousness of the conseqraences i£ that event occurred, / If the probability of * 

^getting caught>. speeding is.50% and the fine is $50^00, then if, you could'^afford 
to pay the $50.00 fine, you would speed bnly one-half of the tiitie. If you could 
afford to pay a $100.00^ fine, then you might speed 100% of the' time. ' Thus, you 
balance the risk against the benefit. In this case, the benefit being getting . / 

. to your destination soongj/ ^ . ' 

In the present ii)stance,^ the benefits are an abundant, cheap, clean, and 
the safest known source of energy devoted to the service of mankind. 

The .risks are minimal as compared- with those associated with the -use, of 
coal, as pointed out in* the previous part , of this series. It was shown that the 
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disposal of Radioactive wastes and ; fission products; i^ has been ^ 

: solved tedtiAical]^ ; public acceptance is , all that ■ ;i^:-^ needed , The history • 
of the Nayal N\Kd.eai^ropulsipn Prog^ proves that" nuclear! energy -is not the: . 
dreadful ogre pictur^ kJy the inteirvenors'. The ifericah people^ need^; 
that, like the faitdly aut^^ and the aeroplane , the power ^reaqlxi^ 

is a veW dangerous ^rdevice to fool arouhd with, but also like the autaixibiie * 
and the aeroplance/it can be controlled, just as'iran controls |fire. . ; ^ ' ; 

: We are luck^' that Ralph Nader did not know, when Henry Ford was in- . 
venting the. T-iro^el, that 50,000 people .woiild be killed annually in auto acoi-y'^ 
dents in the. United States at a cost of 34 billion dollars, or he would nevfr'/ 
have pemitted .Hairy Ford, to build such an unsafe device. Certainly, the / 
Wright brothers would not have' been allowed to invent their aeroplane, if Ralph 
Nader had known th^t about 1,000 people would be killed annually in aeroplane 



accidents . 



The American public rtaist npt let angry little people deflect their 
attention from the real issues. The real issues should be resolved by rational 
judgement based, on factual knowledge, rather than on Fear, Ignc^ance, and. 
Prejudice^, r - V' ' ' >■ . " . ' 
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CITIZEN EPUCATION ON NUCLEAR 
/ TEX:iINOLC)GY , ' 

■ " ''/W-ECONOMIC -UNIT' . 



"It i3 true th<it econoracs' is , a theoretic^^ 
science r snd as ""such/ abstains from an;^ 



iudgement cff vdlueV 



• 1 ■ • ;^ . • ■ ; - • ■ ' • /Ludwag' von Mise^ 

" ■ •■1 ,,• ■ ' ' ' ' ■ INITODUCTION ; -v.;; . 

• ^ the: ponversion o$ .Ifi'-iael soarce to useable energy is "full of - hiciden 

• ' ' ■' • ■ > ' . ■ ^ ■ ' • ' ' ^' • " " • ' ■ . 

a^d not- so-^dden energy and therefore econinuc) costs, Miniog Of apqal ^. 

pr. uraniunr and dr-xllmg of* oil, processing;. t±anspor^tion to the powec; i 

plant, operation of the plants, ^and disposal of vJast^ dll take-energy .^^ ' " 

V JChe '^equipnnent that.*c3oes these ^obs all ^ook OTexg^j'vtd^^ prpc^^d. fieeper ^'* 

y/^illing distances consijne more energy */ 'As^ easily^acce 

fuels ""have been iTuned*or dr illed, morfe energy has iDeen required* to obtailn . - 

the-same amounts of less-accessUDle si:$)plies. Off-shore,j3rilling and , 

■ ' ■ i f . ' ■ . . ■ , ..... 

Alaskan oil fields axe two exanples of the. vastly incpea^^ difficulty \ 
of obtaining resources, as well as of- the txertendolis amount of energy ' ^ / . , - 
needed to get them to the powei plant. . , >^ 

.The principal alternatives to nuclear power for large scale^^^^" 
tlon of electricity are the fossil fuels - cdal, oil> and gas,. Of these., 
gas jys the. least a^'^ljiil^g, !^ its supplies are;iiiT^ed for lo^-terrfi 
planning7 ahd rely to^a great extent on foreign markets I'^^Low^ sulfur oils 

• allk^- depend on foreign markets with all that ^ iirplies in ,Tl[icontro]43t)le cost's ^ .^^ 
id the vag^^ies (^'foreign relations. " ' ) . . ? ' ' 'Z^. 

; ^ .l^i;gi domestic supplies of co^l seem to" be the ,logicab. answer, but ' * 
SncmLc (as wfell as, 'and laxgely'becaiise. of , envjxii?mental iirpact} ^co^^^ 

coal^are high. Damage' to the land'of many states has resulted ftpn essentially 

• ' i ^ ' ' '■ ■ ■ \^ 

icted strip mining. Legislation to require reclamation of the land 

increases the cost of - mining. • Tne-"^* environmental *uait s the environmental 

posts' of, burning coal (as well as other fossil fuels) . The econonic costs . " 

control these 'irrpacts ire veiy .hxgJi. In fact, sane 'areas already, assaulted 

by fossil- fuel power generation wastes, "industrial .air pollution, and auto 

emissions, have banned the construction- of new fossil-fueled power plants. 

^ ■ , : ' ■ ^ : ^ , • . ' . ■ ; 

Another factor to be^'considered from an econoruc ^viewpoint is the 

, ^ . ' . .'• ^ ^ , . ■ ^ 

treirendous amount of water., that would be. required for large scale conversion- 

of coal to gas or\^team, or the release of oA'¥rom shale. $ri'1974,^ the 
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" National Academy of Sciences saic^ there migjRf be enough wate^ iC** ^/ the West 
'^^:o' mlne the CQaxV but large s'cale;.con^jersion is beyond 'the capability .of the.* ^ 
dry^- Western -States.', , gather ing, ''tr^^'sf^ dispDsal of .these tr^rien^ous 

amounts of water; , even if it^ were' available, .requires energy and would be ex- 
^ \ "tareri^iy. expensive. The ..conversion pifocesses are- expensive and take ^energy, • . 
, "in lgT^.'-abd^rdiJig to4\f^^ Energy, "* ■. ^' .\' 

■ Smithsonian / December > ~ x3^^) \ least ^one major . oil jCGffp^^y- decided not ^ : 
,«' td ibid^ ior^f'edejrai leaser to de^Icp oil shale be.cause .tne net energy = yield 
J was'loo ,,3n:ialil ' / . • - , - ' . \' '■. ^ .. ■ 

' . ^ ' : ' • '- • . POWER PRODUCERS . / . • - . V * ■ > 

• ' ^StQgJ&oider"<>:v^^ Public Utaijtxfes ;^ 

. , f*^' Approximately ^79% of the 4iectrlcity generatecJ in the U, S. is - 
. * , ' . . ' ■• ■ . <^ '■ . V. • ' '-if . ~ . . " / 

" produced t^/, investor or, stockholder^^ned public utilities. These corpanies 

are owned^by individuals, thlougn me purchcrse^f stock, like other /pc^anies,* 



^^^but they af^ public utiiitifes. ' .As^ such, they_are given a 'rtond^XDly : |o^pa:o- 

vi^e service in a-Sartxcoidr ax.ek, -ado^,lix\ retiAi, agree. to have rates, service 
-^^ [and settlement of custcmer. disputes' governed< by /the state, 

■ ' "As witHgther stockholder -owned businesses, public .utilitiea milst 
\op^ate'^at a prof it if their stock is to be attractive to the pot^iltial ' : 



buyer • :ptllit^ rates firovide about 25% of the' capital for expansion and . ' 
main^nance. The remainder- ^anes tnrbugh sale of stocks, bond issues, and 
loans*-. ^ - p ^ ^ ^ y - - \ 



.♦ Federal ^Agenqy \roduced^ Power ^' ' - ' . 

^ The raost ^mous of the federal.. power agencie^ is the Tennessee Valley, ^ 
-Authority.. lt;is;a wholly^wrled^governmei^t corporation which , serves the 
southeast states -wittr flood "d'ontrol projects, navigation channels, on the 

> Tennessee River, electric power production, fertilizer developinent, recreation, 

• ^d/torestry and. wiidiife' programs. . , ^ 

Jhe electric power prvigram is *f inancialiy self-supporting.;^ TVA acts ■ 
as wholesale supplier to 160 municipal and cooperative electrical systems, 

: with .2 . 6 million customers. £>ower is supplied ^fiom 29 dams, 12 coal-fired^ 
^ plants, 2 nuclear plants, 4 combustion turbine installations, 8 U. S. Army 

-'^ Corps of Engineers dams, and: 12 Aluminum^ Coirporation of America^ d^ms,. 

. Another, form of federal, agency- in-, the power field is the Rural Elec- 
trification Aj±ninistration,^ which wa^ founded in i935 to finance electric^ 
and telephone facilities m rorai America and its territories. Over 1000 
rural electrical systems have received seit-liquidating loans and technical 



assistance for the cx)nstruction and operation of generating plants and 
transmiss5.on facilities. - T - ' 

The 'federal '"^ox^eirnrnent also has^a number of Power Administration ^ 
Agencie.^. which itarket power produced at other federal facilities as well 
as private generating plants. The Southeastern, Southwestern, and Western 
Area Power .rAdministratiions are exartples of these. . . <i 

. , In*' the .Nortliwest ,^ .the ^Bonneville Power Administration (Bi^) ^ markets 
•pow^ f6r Jrwenty' dams -built and'operatedT by the U. S. Army Corps' of En- 
gineers ^d nine' dams built by the Bureau of Reclamation. EPA also, 
ma^<:et5 'nuclear pbwer from the Harford and Trojan plants. Its transmission 
system seryes as the backbone grid for'^1 Northwest utilities and it pro- 
vides mote than half the total, electricity used. , * 

^ : ''The EPA ^2_formed in 1937 as a Bureau of' the Department of Interior _ 
and is now a ^art of the Departinent of Energ|^. - It serves Washington, Oregten, 
Idaho, and parts of- Nfcntana, 'California, Nevad^, Utah, and Wyaning, or an 
area of 300,000 square miles.-and seven" millioA people. 'Its customers in- - 
elude municipalities, public and .utility districts, cooperatsaves , private 
utilities, gpvemrnent agencies, and industries'. 

; :. Funds requir^ed to biiild, main1;:ain 'and operafefe'^the dams are appropriated- 
by^flongress^ ^ Since 1974, BPA has financed .i^s operation and maintenance 
from 3:e^fenues? revenues have also financed -par? pf the construction of new . 
transmission facilities, jwith the remaining funds coning from the sale 
Revenue bonds, 'bpa re;)^ues also pay for ..part of the cost of . large iinrigation 
''projecrts. - ^ . . • 

^ ' 9 -EPA rates are set by its staff, after review fe^ they Department of 
Ener^ arid "approval by,, the Federal Energy Regulatory Commission. • The rates 
must recover to the government the cost of producing, purchasing, and trans- 
mitting electricity; as well as repay capital investments with interest. The 
rate-se;£ting procedure includes meetings with customers. Adjustments m rates 
have generall^jJ been given every five years, with yearly adjustments to begin 
in 1980,. because of sharply increasing costs. ' [ ■ . . 

Mix of , Locally Produced and Wheeled Pc^er * * ^ , . 

Private industry and various levels of government., as we have, seen, 
are all in the energy production business. Govemitent operations -ra^ge from 
the low head bulb ^ turbine project for the City of Idaho TallG to the Tennessee 
Valley Authority in the southeastern U. S. ' ■ 
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Electiricity is transmitted over networks^ called J^ids" which ^- 
combine and distribute electricity frdn a variety of soli:<ses through a 
large geographic area, - * N 

Every area differs as to the amounts of electricity it receives \ 
f ran the various, sources.. In; the case of -Idaho Falls, since the Teton Tpm 
flood in 1976, theVmunicipal generating; '.capacity .has produced^^dbout 5% of 
the electricity used by city customers '.j The renaihing , 9^5%><1^ purchase^^ 
fron BPA. Af te/ the low head bulb turbipe project is conpleted, Idaho 
Falls will be able to -produce^ approximately 20% of its electricity. 

The area of Bonneville County suf rounding Idaho Falls is serviced 
by Utah. Power and'Light, (UPL) ia private utility, UPL produces its bwu^ 
electricity. Ninety-five percent of its generating capacity is cpal-- fired, 
with about 5% coming from hydro-electric faGi;Lities in the Bear River area.-^ 
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. *. Table IV-1 lists the distribution of energy deirand among the various 
sources and users. A .cost brdakdcwn for electricity generation is also given. 



Table IV- 1 
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' — ' Distribution of Sources and Users 

Source: United States Energy Data Book^ 1919 , The Institute of 
Electrical arid Electronics Engineers, Inc. > 



■ Use of Energy in the,U. S: in 1977 



Coal 

Oil (46% ijTported) 

Ga3 ... -. 
Hydro . : 
Nuclear 



18.6% 
48.8% 
425.8% 
3.^2% 
3.6% 

100.00% 



Electricity Generation Cdsts - 1977***- 
(Cannmonwealth Edision) 



c^/kWh. 



U. S. En^gy tJse 


- 1977 










Source 


Pilsid. 


» Ccantiii. * ' 


InduSt. 


Trans. 


/: ■^Total 


Coal 


4.9% 


■ 3.0% ^ 


^10.2% 




18.6% 


Oil ' 


6.0, • 


- 5.8 


10.4 ^ 


26.-6 ■ 


48.8 


Gas 


8.0 \ 


4:5 


12.5 


0.8 


25 . 8 


Hydro * . 


1.0 


0.7 ■ ' 


.. 1.4 


. 0 


3.2 


Nuclear 


1.2 


■0. 8 : ■■ . ^ 


■' 1.5 


0.1. 




21.2% 


• 14.8% ■; ■ 


36.0% 


28;0% 


ioo;.o% 



- Nuclear* 
^System Avg. 

Coal** 
System .Avg. 



, Fuel . 
0,35 
1.21 



Operation 
& MAint. 

0.22 
0.30 



■Capital 
Charge 

0.76 
0.90 



Total 
1.33 

2.41 



*Nuclear incl\x3es allowance for cai^Ying charge of fuel in reactor and ultiinate 
waste disposal. ■ '■ ^ 

**Coal includes allowance for carrying charge of a 90-day^ coal stockpile. 

***Soxirce of ^ electric generation . cost figures: Science, Vol. 20 (Rossin & 
Rieck) Augiast 18, 1978. " . . 
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Relative Power Costs * 

Table IV-2 gives some relative costs of- •electricity. Table rv-3,, shows 
savings to consumers. Table TV-4 shows the percentage of electric power ^ 
gen<^ated by nucldar plants, May, 1978. ■ • . 

• Table IV-^ . . : ' ' ^ . . . 

National. Electricity ■ 
^ ■ — ■ . ■ . — ^ 

Generation Costs ■ , . ' 

^976 1978 

coal . ^ • ^ 1.8^/kWh ' 2.3 . 

Oil 3.5 .4.0 -•, 

Nuclear • / . ; ^ 1-5 ... 1.5 

Sources: 1976 f igiines frm Econcanxcs of Nuclecir Power, Westinghouse 
X Corporation; 1978 tig-uices, from Tine-Related Nuclear Planb . 
::- * Capital Costs, Westinghouse Corporation)' 

".The cost of generating electricity in nuclear facilities remained 
stable, while the cost of fossil- fuel generation has been increasing. 
Utilities using both nuclear and fossil- fuel facilities have estimated • 
that dollar savings tp their cxastomers have occurred because of the 
•availability of nuclear • power . . / . . ' 

' , \ ■ . . ft ■ ' _ . • 

•; Table IV-3 - . 

' "/ ' 1977 Cost Savings to Typical- Residential ■ ^ ^ . • ^ 

Customer Because of Nuclear . Power 



■'^Wisconsiri . ' . " ' $ . J 

Philadelphia area $ 16 

New England- $180 

Baltimore $'81 



(Source: .Atomic Industrial Forum and Westinghouse Corporation) 

In 1976; Connecticut consumers received a $21.5 million rate re- 
duction ,. because . of the heavy . reliance of Connecticut utilities on nuclear 
power. The utility which provides power to the Metropolitan Chicago 
area estimates that its nuclear plants produce electricity 25% more 
cheaply than low-sulphur coal-fired plants. . . " • 



; , . ' Table IV-.4 ; , ' 

Percentage of Total Electricity Generated by Nuclear ^ 
" Plants in Ijeading Nuclear PaN/er wSta^s; ri^^'^1978 

' ' • ' . ^ . ■ ■ '.v • • 

is' Connecticut «f ^ 56% . . ^ - 

. ■ - Nebraska . . , . ' ■■ . ' \ . \ ■ 

Vermont " . '44% " . V 

Maine - ■ ^ .40% ■ . . • - •• 

South Carolina ^ - 36% . / 

Minnesota • ' . ! ' ■ : 31% 

Illinois \ \- 30% ^ ^ \ , 

North Carolina .30%^ . 

Wisconsin ."v- ^9% , , - 

Arkansas ■ 25% ■ ' - 

(Source: ^Economics of Nuclear 'Power Westinghouse Corporation) 

' . • ■ ' i - ^ . .' 

Capital Costs . ■■ '' '' /■ '[ ■ 

Initial constrxictidn ana equipment costs amount to 70%? of the cost 
' ■ ' ■ ' ^ ^ i ■ ■ 4 ■ ■ ' 

of electricity frcm nuclear power plants, and -about 35-65% of coal-fired' 
• ■ ■ • - ' .■ ■ ' . . .J ■ ■ ■ 

plants (the use gf scrubbers increases cost of construction). Predictions 

of constructioh costs per kW in 1986 ""are $800-1000 for coal-fired -plants , 

.$I000-$1300 for nuclear plants. The cost of equipment is alnr>st identical; ..^ 

however, because of licensing procedures, nuclear plants average an additional 

■ . * ■ "i 

two years before construction begins. 

Nuclear and coal will be the two main sources of bulk electric power ^\ 
for the foreseeable future (in most piarts of the countiry) . . to regions with 
access to large deposits of low sulfur coal, coal will be more econanical. 
,Dtherwise, nuclear power has an econoidc advantage. « , " 

' . ■ ■ . 

Transportation Costs 

The cost of transporting energy by various^ methods has /been calculated 
by Hpttel and floward. A summary of tfieir results is .given in ^Jable ^JV-5. 
Though they do not quote the cost of transporting -fuel elements, it seems / 
reasonable . to suppose that, it 'would be similar to coal by rail. 



. • - ■ • Table IV-5 ' 

■ ■ ■•■ - . — : — ■ . . 

. "Energy Transportatiofi Costs 

" • . ' . /* Cost; Cents 'per millicji BTU 

. Tr.ansportation Mstfaod per hundred" miles 

Electric hxghime (AC or DC) ■ " . ' . : ' 8' to 18 cents 

Coai by rail - 3 to 8 cents* ' 
• • ■ * • ■ , »^ 
- Coal by pipeline' . . ... . . : ; , ; ' ^- ^ 4.5 ""to '3 cents:* • : > 

Oil pipeline ' \ * . - ■ ^ ' 0.4 .to l.S* cents . 

; , Liquified natpral gas ' -[/ , . ' -/ "0.8 cents • 

.. Gas^pipeline \ ' . ' ' < . i.p to.2. 5 cents' 

/ Oil by barge . \ . ; - r ' , 0.4 to O.y.cents ^ 

: On ..by tanker ..... . , ;,, ■."^O. 25 to 1.0 cents 



Note:* R^inge of td^sts due to ditferent distances. Lower^ costs ^e for longer 
distances t^^,^t^^ 1,0^00 n;ales. ' Higher costs are fgr distances of the i 
6rder of IClff t6,20'0 miles. Sources are given ipi the reference. ' ' ; 

Tax Strticture - Effects in JPrivate Sector . ^ - . . * . . 

"There have been a number of studies of the fiscal/ or economic/ iirpacts ■ ' 
of nuciear power plant 'construction and operation" on communities. .* The study 
referred to in this section- is, "Fiscal. Iiipacts Associated With Pov^ter Reactor 
Siting: ^ a Paired Case Study by D. J. Bjomstad. Ttie. s£udy was prepared . 
for T^he U. S. Nuclear Regulatory Cortmrssion. .. . . " ' ' * 

During the construction phase of nuclear facilities, the town will- 
experience /econonic stress and;bocm — these phencmena are discussed in the ; 
Sociological Unit. ^The primary effect after, construction 'is in the public \ . 
sector. This is f!rue Pecause the plant wili^enploy relatively few people 
and'* buy relatively; little in local goods and- services. As a result,* the 
economic inpact of opera tip.g nuclear plants is;; on the tax b^se. . . „ 

Property tax assessments of public utilities is extremely conplex. In 
29 states/ including .Idaho, a state agency is charged with assessments and 
only 11 states leave local assessors wholly responsible. ' * ' ^ 

There have been few court tests or other appeals of tax rates set on 
nuclear facilities by assessors. 'The utilities ^on't want objections either 
to locating there m the first place., or to expanding. The. towns, on the 
other hand, don'^t want to call 'attention- to theiT situation. 

/At the tune the study was prepared (mid 1970 's) , the JVlassachusetts 
and Connecticut legislatures were considering legislation which would have 
redistributed tax payments from power -reafc tors on © statewide basis. . . * 



. The' Bjomstad study used a four-part framework to analyze the lirpact.- 
of nuclear . plant property taxes. The first is the taxing ability of the 
cx3rnrtTunity; vdiat other sources of revenue? the degree to which that ability 
is lised, or taxing effort; . the uses to vAiich the revenues are applied; and, 
the effect of tax expenditure decisions on the local econony. This frame- 
work can be used to determine the effect of additional tax dollars in^^y 
cannunity/ . ■ ' -.^ ^ . . ■■ 

In the two cairmunities studied in the project cited earlier, locaflt: 
assessors are responsible for assesrrients. The CGmmunities. studied were . " . 
Water ford, Connecticut/ and Plymouth/ r^ssa:chusetts. In each case, property 
taxes were the primary local revenue source and in each case, those, revenues 
apprdximately doubled. Both dammunities decided to reduce tax rates. 

This decision is crucial. If the tax rate had remained the same, the.. 
community would haVe had additional funds to improve and/ or to offer new 
services. By deciding to decrease the rate, the amount of local public 
revenue remains stable, and the local disposable inccme in the private 
sector (individuals and business)- increases. This can lead to^increased . 

business activity and expansion. / " ' 

• .^j ■ . _ ■■ . . . 

Tax Structure - Effects in Pi±>lic Sector , 

.iawer Mloways Creek Township, ^ New Jersey, -is a town wMch has 
used. power plant taxes to pay for man^, inprovements and services in the*, 
public sector. Budget surplus allowed the town, in 1979, to build a ^new 
fire station, new senior citiz&s center, and an. addition to the school (which' 
has a' 13-1 pupil-teacher ratio) . Main street was remodeled, a flood control 
project begun and roads rebuilt; a^l paid for with cash. 

In earlier years, a new fire hall^ municipal^ center, tennis courts, 
school additions and a police department were built. The town has also, 
purchased a ski resort, which it plans to 'develop. 

Other parts of the country have al^o benefited from the nuclear plant's 
tax payments, including three area hospitals. ' . ' 

There are no local taxes, though property 6wne5&-.^ay a county tax 
of $1.40. per $100of assessed value ($420 on a $30,000 home). ; 



• ■ ■ ... OTHER COST CONSIDERATIONS 

Job MultipliLef Effect .... ^ ' , • - 

To tjie extent that new jobs are created and that these 'individuals 
live in the tonitiunitv, they usev^housing, retail goods, etc., and thus 
contribute to the econoir/, creating additional jobsv A Florida study 
found that each job created by the Martin nuclear plant facility resulted . 
in 0.67 of a 30b in the ccatinunity. ' " * ; , 

Old Power vs. New Power " ■ • 

No one needs to be told aboiit the effects of inflation and extreiiely, 
high interest : rates on new construction. As-^dong aS these econcmic factors 
continue, the principal differences .in costs of power generation will be' 
between old and new power,, rather tiian between coal, nuclear, oil, hydro, 
etc. ''^'^ . ' ' . 

Costs of construction *for ail t^^pes of new power generation can be' 
expected to cor;fciriue to increase at a irapid rate. New and Revised safety . 

. provisions for nuclear power plants wlil drive ccjsts even higher. ; By the 
same token, the intention to burn more coal will bring increased' donands 
fran niSaicai, scientific, envirprirnental, and:- other groups to install scrcfl3b( 
and, other equipnient. ' / ■ , < ■ . 

■ As a result, it is -inpossible to" project future^ costs accurately. 

■ E^ch new facility will need to be considered individioally^'on its econonic 
merits. . ' 
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CITIZEN EDUCATION ON NUCLEAR- 
TECHNOLOGY 



V-POLrZECAL UNIT 



"I do "not landerstand/' said the " 
little prince. 
"There is nothing to understand/* 

said the lanplighter. "Orders 
are orders. Good JVbming." 
And he put out his lanp. ^ ^ 

Antoine de Sauit^Exupery 
' . The Little Prince 



INTRODUCTION 



"Political" as used in the present context refers to the manner in 
which a government deals with the nation's problems - in this case, energy ' 
problems. . To have an "oiergy policy," it is presumed to "mean that one has 
a plan of action based on the nati:y:e of the situation in question. Under 
normal c||inditions, the urgency to "adopt a policy" is minor, if not in . 
fact absent. Under "crisis" conditions, the demands for "a statement of 
policy" becore ever more strident. ^ A crisis losuaily resiiLts vAienever 
soxorces of supply^ demand^ costs, profits, distribution means, and the 
system in general get out of balance; irt such a case, a "policy" is 
siipposed to set everything right. -Hence, the current demands on Congress 
and the President to devise an energy policy for the United States'. At 
the present writing, the content of any such policy, assuming there is one, 
is not entirely , clear' r Is it to retain or remove controls? Is it to 
institute rationing? Is it, to tax irr^rts? Is it to promote the develop- 
ment of nuclear energy, or of coal as an energy source, or is it. to . pro- 
hibit such developments? Or is it a dozen other things one mighti imagine? 

What one can say about the United States' energy policy :ii;:n limited. 
The President's Ccninission on the Three Mile Island accident has:'made 
recatnrtendations, and changes in the Nuclear Regulatory Ccmrrdssipn and in' 
industry's management of nuclear reactors are certain to be-m^de. This unLt 
then, will discuss only current matters and these coul^^ be different by 'the 
time this material is. printed. / 4 

NUCLEZ\R REGULATORY COMMISSION ' - 
The Atcaidc Energy Connission, for many years, was' reqf)^sible fo 
research and develc^xnent of riuplear power and also for regulating its 



lose by private industry. . In 1974, these resppusibilities were divided by. 
' the Energy Reorganization Act'/v^ich created the Energy Research and. 
Develbpraent Administration (r^ further reorganized "into the Departmerit 
: of - Energy) and the. Nuclear Regulatory Ccnrnission (NRC) • . ^ ^ 

• Within the NKl, several boards and ^caimittees deal with licensing of 
commercial power plants. The office of Nuclear Reactor Regulation analyzes 
the plant ^s design and operations procedures for safety; . The Advisory 
CciTTTiLttee of Reactor Safeguards retains consultants and contractors to 
supplement its own staff of experts from various fields to advise the NRC. 
.The Atomic Safety and Licensing Board is appointed by the NRC and consists of 
an attorney^ who acts as chairman ;^aand> two. technical members. 

'The federal^ state, and local requirements for as many as ^52 licenses 
are the major reason the licensing procedure takes so long for. comrrercial 
. . nuclear plants (typically, 10 years) . Many of these licenses are, also, re- . 
quired for other power-generating plants, and are related to land, wa€er, 
and air urpacts. There are no corparable federal licensing procedures for 
• coal- fired or other fossil- fueled electric generating plants, hcwever, or 
for hazardous chemical processing plants. ' 

. Licensing Procedures / 

Two licensing proceduri.^«are needed before a conrrercial nuclealr facility 
can begin supplying electricity to, custoners. The first deals with design 
and cons tructioi:;! ;. the second is an operating permit. 

After di utility selects, a site and an architect/engineer, it begins 
Its construction licensing procedure with the Nuclear Regulatory Cannission. 
A Preliminary Safety Analysis Report is filed, with information about design, 
location, safeguards and a corprehensive environmental report." 'It also obn- . 
tains detailed safety factor calculations on all cofrponents, systems, and 
methods of calculation. ' ^- ' \ 

While the utility, is preparing this infoi^mation, the NRC holds the 
first of a series of public information meetings dealing with safety, en- 
vironmental ajrpact, location and type of plant,, the regulatory process and 
the tiines for public participation in the licensing process. This process- 
can take^£ran one to three years. . 

After the application has been received by the NRC, a review^rocess 
begins and copies of the application are placed in the NRC Public Document 
Room in Washington and in. the area of the proposed plant. Copies of all 
other correspondence and documents are made available, also. 
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. "I^ei^review-rof the application is concerned with design methods and 
procedures, ct^racte^istics of the proposed location, evaluation of potential 
c^i^equences of . hypothetic^i accidents, proposed operating procedures,- plans 
fpr" eitverg^cy action., programs for quality control, and control of radioactive 
wastes. The. process also yerifies all the utilities' calculations indepen- 
dently. This review proces^ takes f ran one to two years. - . , 
After tih^ review has satisfied the NRC staff, a Safety Evaluation ' .■ 
Report is prepared. During the review period, the Advisory Ccimiittee on 
Reactor Safeguards is ^ also -reviewing the a ppli cation, s If the ACRS raises 
any questions of safety, or if any additional information is available after ^ 
the issuance- of -the Safety Evaluation Report, the NEC prepares supplementary 
reports. 

The staff ^ also ccarpletes an independent environmental review ;lwith 
public hearings) , issuing,,, a. Draft Environmental Stai^riiint for review and 
ccanments frctti federal, state and local agencies, as well as individuals and 
organizations. /A final Environmental Statement is then prepared and issued. . 

'A pi±>lic hearing is then annouOn^d, at which time written and oral 
statements . may be entered into the record, ^e hearing is conducted by ^ 
the Atcffnic Safety and Licensing Board. 

If, after all of this, a favorable decision is reached and approved 
by the Atonnic Safety and Licensing Appeal Board arid the NEC, a construction, 
peirmit is issued. ^ Some types' of construction, such as site preparation,^ 
tenporary construction support facilities , etc . , may. have already begun 
under a Limited Work Authorization, after the NRG h^s determined that there 
is a "reasonable assurance Vthat the permit would be granted. 

Separate hearings are held to guarantee that the applicant is ih 
conformance with anti- trust laws. ' ' 
^ ■ The process of gaining an operating license begins -with submission of 
a Final Safety Analysis Report. It contains information on, the final design 
of the facility, final safety factor 'calculations, and plans for operation 
an^i-'emergencry procedures. Ihe staff again reviews the application,' prepares 
a( Sa^ew Evaluation Report and the ACRS -makes another independent evaluation. 

, A piablic hearing is not required at this point. However, the NRC 
publisnes notice that it is considering issuing the license, and anyone may 
petition for a hearing. : . • 



If ' finally grant:ed, the operating license contains Technical Specifica- 
tions .for the safety, environmental, and health nieasiares v*iich must be met. 
There are ^Iso hundreds of NRG and EPA regulations. The entire process, 
•from site selection to operation, takes about 10 years, if there are no long 
delays. 

Inspections During Operation ' 

■ ' ^ The NPC maintains inspection and enforcement programs during the con- ; 
struction and operation of the plant. 

The^ Office of Inspection and Enforcement is charged with insuring that 
the. utility operates the plants according to t±ie i^J^visions.ot its license. 
The Environmental Protection Agency and the NRG's Division of Reactor Licens- 
ing audit utility records. The insurance ccrnpanies which provide pool coverage 
also inspect utility operations. -J ' , 

Citizen Participation ' 

In addition to the federal public hearings and the public information 
' meetings . outlined earlier, state utility commissions also conduct public 
hearings. Individuals or organizations may have their interests/concerns/ 
questions made, a part of the record and ^considered during .the decision^making 
^process. 

Unc^ the structure v;hich has been established, affected parties (those 
with a particular interest in a particular- plant) may act as "interveners," 
which means they may not only present testimony but also question the testimony 
of Others as part of the proceedings. \ ; . . > . 

Anyone dissatisfied with' tne, decision of the licensing board may appeal, 
first to the Atonic Safety and Licensing Appeals Board and then, of course, 
to the. courts. . ■ : - - 

Significant Court Decisions -^^"^^^ v. .^^ 

There have be^ two cases which have inter^ret^^^ defined the re- . 
sponsibility of the Nuclear Regulatory Comiission under'', the Energy Reorgani- 
zation Act (1974) , the Atonic Energy^ct U954) , arid :the National Environmental . 
Policy Act (1969) . ; , ' " 

The. Calvert Cliffs decision required the AEG, and now the NR€, to prepare 
independent environmental irrpact statements and- the Scientists' Institute" 
for Pi±)lic Information decisic^ required the preparation of environmental 
iirpact statements on the inpact .of overall programs, including - development 
programs as. well as individual utility requests for plants. 

; ^120 ■ • , ^ 



; ■.- ■ . . "/ • ■ INSURANCE 

Liability Insurance 

The Price-Anderson Act (an ainendinent to the AtoriLC Energy Act of 1954) 
passed in 1957, established a system for insuring against loss from a nuclear 
generating plant accident. Prior to that tiine, private Insurance conpanies 
had been reluctant to enter into the field because of no experience and 
lack of capacity on the part of individual . conpanies . " 

■ H&an[ieowrlers ' insurance generally contains clauses which limit their 
liability - these, limitations include earthquake, flood, waves, land and 
mudslides and ■ nuclear damage . In the case of the nuclear exclusion, the«* . 
reason is to channel all such claims , through t±ie mechanism set up by the 
Price- Anderson Act. All legal proceedings are joined before one federal 
coxart> to insure uniformity of legal treatment of claims. The injiired 
party must prove the artount of damage and that it occurred because of a 
nuclear accident. Th^ coverage of . the Price-Anderson Act applies to . 
traxisportatip^ of radioactive materials as well as operation of the plants. 
(On" January 1980, the NEC published findings that the Three Mile Island 
incident did not result in damages covered 'by the insurance progi;am) 

Caipanies v^ich operate, power reactors are required to maintain in- . 
surance to the maximum amount available from the private market. In 1979, 
that amount was $140 mi^llion- (per incident) This coverage is provided by 
insurance pools. . . 

If an accident were, to occur which was not covered by this $140 million, 

the insurance pool would then assess each nuclear licensee a premium of 

ip to $5 million yper operating regctor. " In the middle of 1978, this . . 

assessment would have raised" an additional $340 million, for a total of $480 

• • ■ \ ■ . ■ . 

million. The i^^ilities also ^ sign indemnity agreements with the U.S.N.R.C. 

\ ' • 

to provide guarantees to the fec^er^lly required^^Lnignum of $5^0 million. . 

The Price-Anderson Act was revised m 1975; the federal indemnity is , " 

being phased out as private coverage grows. Today that indemnity amount, 

$80 million, is the difference between the $480. million provided by the ^. 

pools and their assessments, and the $560 million required by the Act.; 

Originally, the amount of federal participation was $500 million. Through 

1978, total payment of insurance claims, frcan all nuclear causes; (some not • • 

a part of the nuclear paver prog:ram) , totaled $614,000. . No claim has e\7er 

required payment, from the governmental indemriity and the $20 million in fees 

(for indemnity coverage) paid by nuclear .power conpanies has gpne into the 

federal, general treasury. ^; ^ / ^ 



The governnierit provides 1X1(361111111:7 coverage ih other areas as well, 
■ including crop, insurance, bank . deposit Insuirance, savings and loan "account 
insurance, FHA and VA housing mortgage insurance, medicar-e and meciicaid, 
maritime vessel mortgage 'insurance, veteirans life insurance, unemployment ; 
insurance. Social Security, ai^d government enployees inisurance. . 

' . The dollar figure limits the liability of the insurance ccirpanies , but 
,it does hot 'limit the. amount wnich mignt be paid for' personal or -property '■\ 
losses. Congress ig^'carmitted, Py law, to provide whatever additional . , " 
carpensation may be needed. Provision has. been. made tor immediate payment 
to cover, costs of emergency shelter, rood, and medical care. . . . .. 

Other Insurance . , . - . ■ ' ' ^ 

Business insm;ance races and levels of. coverage have been reasonably 

easy to set because fires, releases of 1>oxic materials, etc. , happen with 

some frequency. As a result, jisarance companxea have sufficient data to 

estimate frequency and probable damage. ' 

In the case of the nuclear indiostry, this formula didn't work. Be- 
' cause of "very small probability/potentially large cpnsequence , " the isystem 
^^y^et up by the Price-Anderson Act was developed in 1957. . 

Life insurance conpanies recognize no increase in. hazards for those 

policy-holders living near commercial nuclear power plants. 

, * . POLICY DECISIONS. " ' " . - 

In view of the present ' fluid condition of United States' energy " 
policy in general and nuclear policy in particular , the participants in. 

_ this cours^have an opp6rtunaty to influence the. formation of such policy •* . 
through their congressional delegations. A conscientious study of the 
material in this course and of the material in the bibliographies can 
result in rational conclusions concerning the issues relative to nuclear . 

• energy and the alternative sources-. These conclusions should be cqmiuni- 
cated to your* representatives in Congress, as well as to the elected officials 
in your community; . — , * . . ' 
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, \ TECHNOLOGY 

VI- DECISION MODULE . 
INTRODUCTION 

VoliiTBs have been written on the subject of "decision m^ing/V " \- 
particularly on decision making at the national level, not all of vdiich 
i^ very understandable to the average reader; At the canrrtunity level, 
however, the local residents usually know what they want. The problem 
is that individuals usually have conflicting desires, and thexr percept- » 
tion of how to satisfy those desires leads to additional conflict. Soiand 
decisions at the cannunity level, therefore, must be made through the 
democratic process. 

The democratic process, as usecj here, is understood to mean not the 
forcing of the majority opinion, on an lanwilling minority, but rather the 
resolution of* opposing opinions and desires through corpromise based on a 
rational consideration of fact and the realities of the situation. To 
that end, this decision module focuses on a process. In a recent review 
of the literatinre on decision making,'. Charles 0. Jones^* decrys the 
enphasis on procedures and organization, and lack of ^^ibstance in that 
literat-ure. He identifies four "cOTponents of decisiofl^making: the issues, 
the participants and their expectations^ organization and pjrocesses, and 
proposals and* programs'." In the present context, the issue is sirrrole - "to 
.build, or not to. build a nuclear power plant." The. participants and their 
■expectations are also defined. The proposals and pre)granls are th^ result 
of the deliberations of tihe^ conmjnlty particip^ There, reanains, then, 
the /process by \toch -these proposals and programs are, developed/ * ' .: 

/The elected officials of local, state, and. federal governments are the' 
ones in bur society w^io make all final decisions in catmoriity matters, That 
does not mean, however, that private citizens cannot have some voice -in 
the^ conduct of ccmmunity affair?. . How ::inf luential that 'voice might be. v^ll 
depend ataosfc entirely ..on^ voice is in th^.- matter at '^ 

hand. It is advisable, therefore, that vcomnnamities inform" themselves of 
the . facts in the case. ■ . 

A program such as the CITIZEN EDUCATION ON NUCLEAR TBCHi^ " 
iJiati "The material in this unit was daisigried to provide a framework for 
the use of comrunity groups in formulating a position on the- issues in 
question. . ' 




- . Many- voices, . all conapeting for the artention of cxmnunity officials, 
IS not the way to gaxn tJieir attention. Organized' groups are much more 
effective. It is recommended, therefore, that canminity residents concerned, 
about the existence, or proposed existence, of a nuclear power plant should 
organize themselves into an advisory group constructed along standard 
'organizational, principles to the end that, as a group, th^ir considered" 
opinion might carry some weight with the officials charged with making the ^ 
pertinent decisions. Existing service clubs, such as Rotary , , Kiwanis , or 
Civitan clubs can serve as the parent .or;gani2ation for that purpose.' 
^ lliQ following material has .*be0i designed for the' use of such groups to 
help them arrive at informed- and well-thought-out positions on energy || 
questions in thieir community. ^ ' 

: * ■ •. \ PURPOSE . -^.i>Si-. . 

..... ■\ — ~- — ■ . • :":vt,f ■' ' 

.•■ • ' ' • \ -, V... "» . 

The purpose of this Decxsxon Module is to provide an outline for U^e''" 

by local- conmunity groups to assess conrrtunity attitudes and to formulate 

: reccmmendations to civil aatliorit:ies. v Ai^though the program is prijnarily 

intended to deal with nacleax technolo^V much^ ipf .the procedure ^is applicable 

to any industrial developtnent. 

. ; '- ■ : ' ' M ■' • •' 

■ ^ . ELEMENTS OF- DECISION -MAKING ' ^ • 

, ., - ■ — ' ■ ■ . ■ .'^ 

The eiemolts/of decision making are conc5eived as follows: 

V. ; ' " Iv- Establish prio ^ : . ■ - 

• ■ ■ . ■ ■ ".^^ ^ . ' . 

■ ■ ■ ■ ■2« jEij^l^ alternative rae^ns.ifor attaining those 

.,Hv '- ■ ipiAorities. '^*- •* S- 

'* ' . 3;. Select^ the most acceptable alternative. 

When a decision has" bfeen reached, the process movds into the Irrplementa- 
tion phase.. This latter phase is the function of the civil authorities; 
cormaanity : advisory groups only assist those authorities in/mqking the 
necessary, decisions" for the attainment of . the established prioriHes. ^^^^ 

' Establishing l^riprities 

^ ^Canmuiity goals arranged in the order of their,' inportaaice to the 
ccmnunity ;rBsidehts must be set by those , residents themselves. 

Following :■' aire, : 30^^ 



. TABLE ^. . ' ' ' " 

Coannrnuhity Goals ^ .'';;; - ■ 

a. Clean air .; •* . v. .. 

b. - Health and safety of 

c. . Lew cx)st, dependable .electricity 

d. Agricultural considerations 
• e, industrial; expansiofiV". ' 

f High quality. -education for the camiunity's youth , ^ 

g,. Contintujig^ education for/ a^ . , . ^ 

gxplore Alternatives ' > ' ' ' ' ' 

A list of alteiqaatives for each;. q£ the atove.<^oals c^^ made. 

Since this progi^^ -d^ls specif ically with^ y . 

alternatives ^ar6 'given in Tabl6 VI-2. Detailed analyses 'rnay 'be found in 

(2) . ; . ' ■ ' 

Annual Review of Energy , . 

No atterrpt will be made here to list alternatives for thie oth^qoals 

because viable alternatives depend strongly on the local 'situatic^l^id local 

residents are' besF'tjdalif ied to' know, they are.' • 



: ' ; : ^" ■ I. " : stable vi-2 x • . ■ 

■ ' ■ ^ / * - • ■' ' Energy Alternatives' 

•■ • "•'Solar .Energy . • * " ■ 

:■■ Mvahtages ' .\ .^. \\ . % ' ' ' ' ^ 

■ ^ a^^V NonrpDll^^ - ' / : « - . ' 

; ■ V^- v '^ -'Widesfiiread availa^ ' .^^ ' ' I — . * ■ 

:.'>•;" ' • :,c. CtontJJiuirig costs low J * . ^'^J^a^ \ - . ; 

'V' • ^i'.x^- ^deal for low-potential, dispersed applications " 

Disajavantages / " ^ : , ' ' • 

a. . A v^iy' low'-density source' , , . " " . . . . 

b. Capital costs and- space requirements proh^ - \v ^ 
. .' . ' . .. for large scale applications . .\\' ' 

^; c* Not suitable fpr rftDbiie appl^ in ^ ' ■ - 

• \. spacecraft . "•■V '^v/ .. . ' '^ . \'" i ' ^ ' - 

_ , --'j ' ' ■ : ^ - = * V ^ ■ ■ i*" 

d. Large storage; capacit^^^heeied ; v'-.'.-'.:-, . 

" ■ ' " Wind. Energy 

Advarltage s " ^ . * ' . ; . ' 

. . • a. Nori-polluting : .. ;^ ] 

".'v;. • ;. b. Widespreac^ availability ■ * | 

; ; : ^- . c. EOftZ niaintenance, ..a^^ r *^ . 

; ■ • ■ d. Total po.t^ li^gh * . ^ ; • / ' ■ 

, Unduly. ;qar^J,iGated^^^i^ 
•/ V fy. '* Ideal, for; Ipwrpo^"^ 

Disadvantages -'^ '^/'Irw^'^ . , ' " ' . 

- a. An 'interiaitteht/ ;ep:r;at^ source . 

b. I^ge storage cafiabitr^^ " . . 

C- Not directly applicable to mobile application 

■•.s .. ;;r ^ d. Capital cost of large scale applications likely jbq be high* 

- S' V Relatively strong winds .needed for large scale applications 



. Coal Energy ■ , ■ 

Adyan t;ages ■ ' ' * ■ 

a. Very large quantities- Available 
J - b. A high energy, density source • 
. . * -c. i^licable -technology well developed 

■ ■ d. .Public acceptance very •high'' ' 

• ^ ■ ■ ■• ^ 

. e., Convertible to forjms suitable for mobile applicatioris 

'* . ■ • " • ■ : ■.>;:." '• > • ' - ' ' -■■ 
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Disadvantages . . 

: ' ■ : ^a. . .Cost of installing anti-pollution dei/ices- :yerY", lugh .;-. . 

. h. • Solid waste a significant fraction of original" 
• / .fuel weight and/or bulk . 

c. Effect on. world clinHte due to resulting carbon-' 

- ■" dioxide is cotplicated, and as yet, relatively unknc^wrj 

d. . Badly polluting as currently applied. ' . 

. . oil and Gas ^, 

Advantages u ' ^ 

a. A high energy-rdensity source 

b. . Applicable, techno logy well developed . ■. 

♦ .c. Public acceptance very high , 
d. Ideal for mobile applications 

Disadvantages 

a. In short supply ^ , • . ' " 

b. . Cah.be polluting . 

. . ■ ■ ■ 1* ' . 

* c. . Liirdted sijpply leads to monopolistic control 



v 



Nuclear Energy /' . 9 



Advant;ages ' ^ \ 

a. i Pollution miniinal • . ■ 

■ b. ' Very high-density source .. ^ 

:* c. Cost ccffipetitive with other sources . 

d. Long-term operation wj.;Qi' Icxv^refueling costs . 

e. Ideally adapted- to,; Jkrge-scal^ 

f. Su^jplies adequate^^r,:to • • 

Disadvantages ? 

a. Extensive measures to guard against radiation ' 
exposure are needed - , ^ 

■ *■ ' b. Nuclear "ashes" are very radioactive and require careful 

handling to avoid radiatioirexposure ' 

' ■* , c. .Not saiitable for. mobile applications 

d. . High initial capitalization ■ ^-vv.- 

e. Political climate results in long delays in irrplementation 
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: <jeotherinal. Energy. ■ . . . , , ...^ , 

Advantages 7'" ' ' ■ . 

. ' . a. ■ A high energy density sbiorce ' •;. ■ ■ 

b. . I^lativeiy non-poiluting. 

. ■ c. Low fuel cxDst . . . .. 

.. . d. Probably a* long-term "soiirce \^ . i-.,; 

e,-.o Basic technology well developed ^ " * . 

'; ; . f . • ':SirLtable for space heating, if favorably local^ed., 

" ■ .. ' g.' . Suitable for low-potential applications, such as in i ;. 
■ . ' agriculture 

Disadvantages ' " ^ 

;■ a. V^Must be developed on-site, \diich may be remote from . ' 
/ use are^ . y ■ • 

^ b,. Not suitable for mobile applications 

:^ ' c.. Disposal of thermally-spent /fluids a problem . ^ 

d. ..^^'iEri.-vSome areas, the dissolved minerals may present problems " 

• ■ ■■ ■' ' ■ \ • ■ 

^' Hydro-Electric • 

Advantages 

. / . a. Non-polluting ; 
.. . :, ■ b, . High energy-density source 

c^ ,,Ix3w maintenance cost.. 
. , d . , A .r^ewable sour'ce' 

Disadvantaiges , . 

a^ . .In; limited 5\5)ply 
b;". Must be developed vAiexe found 
. . '.6.;. H^ costs 
- . ■ * d;' Not suitable for mobile applications 

Other, possible ;sourcea that may have a lirtdted application in certain; 
areas are' thermal gradients in the ocean, tidal energy, ocean wave motion, 
bicannass sources /a and waste heat fron industrial processes. 

Select Acceptable Alternatives . . / 

:■: Advantages and disadvantages listed in Table VI-2 form the basis for 
selection Sn the energy case-. The listing, however, is only suggestive, . 
and. factual data pertinent to each of the listed items must be determined 
.locally..- The material contained in the five /units provides some of that factual 
.data. ■ ' ■ ■ • • 



Which of the advantages and disadvantages are considered to be of 
overriding iirportance is a natter of personal preference and must be 
established by democratic action. . 

Develop a Plan ^ 

Successful planning iiiplies not only that the plan is logically sound 

and feasible, but also that it is. acceptable to corrnruhity residents, 

•■■ ■ ... \ ' ' ' - t( . ' 

ccnplies with local laws and restrictions, and has the support of civil 

authorities. A strong public relations effort should theref pre receive 

as much attention as the^ strictly tecimical aspects* 

In addition to the technical, enviromnental, and econcmic factors 

iirplied in^ the foregoing list of energy alternatives, sociological factors 

need^ to be considered v^en developing a plan. , 

That plan must resolve questions derived from comnunity attitudes, 

preparedness, . .and education. This, too, requires . an application of the 

^democratic process, since personal preferences, for \ftiiich there is no 

accounting, will be the maim hurdle to Qverccme. In the sociological area, 

there are few objective factors. . . *• 

- jvjATERIALS FOR DBCISIQISI MAKING ; . 

Sound decisions, whether personal or public, can only be based on * 
fact\aal 'ijiformation. Unfortunately, total information is rarely attainable, 
iDut in most instances, sorva kind of decision is inperative. The only re- 
coxirse, ' then, is to errploy whatever experience-based judgement is available. 
That is, vfeen information is lacking, one" must rely on the judgement of . 
e:^)6rts". 

The five units presented above were prepared on the -basis of the 
.best informat;ion available, plus sore opinions of experts. The bibliography 
lists additional sources of, more detailed information. These and other; ^ 
sources. to be found in public libraries should be qpnsulted by interested 
^ persons and anyone charged, with making pertinent decisions.. ^ 
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